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GENERAL INTRODUCTION 
Soybean fGlycine max (L.) Merr.] has become a crop of 
major economic importance in Iowa, the United States, and 
throughout the world. The high percentage and quality of 
protein and oil in the soybean seed has stimulated research 
and development of this crop in a number of countries. Yield 
per unit area has slowly, but steadily, increased through the 
use of improved cultivars and better production practices. 
In Iowa, soybeans were planted on only 284,500 hectares during 
1940 and the average yield was only 13.5 q/ha. The area and 
average yield has increased to 3,237,555 hectares and 22.9 
q/ha during 1983 (Agronomy Extension, Department of Agronomy, 
Iowa State University, Ames, Iowa, unpublished data). 
The theoretical limit on soybean yield is estimated to 
be 110 q/ha (Johnson, 1980). Soybean yield in farmers' fields 
in Iowa ranges from 14 to 39 q/ha. Research yield break­
throughs of approximately 80 q/ha in irrigated soybean plots 
have been achieved by Flannery of New Jersey in 1983, and 
approximately 58 q/ha in nonirrigated plots by Oplinger and 
Bundy of Wisconsin (Potash and Phosphate Institute, 1983-1984). 
These differences between theoretical yield, record yield, 
and average yield clearly indicate that soybean yield can be 
increased substantially. 
Two important reasons exist for establishing a crop yield 
potential and endeavoring to raise production to these figures. 
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First, there is increasing demand for food production from 
a rapidly expanding world population. Growing larger yields 
on existing cultivated land is the surest way of producing 
the extra food that the world must have. Second, the 
farmer's profit margin must be increased, as no farming enter­
prise can survive for long unless the produce pays for all 
overhead costs and costs of input, and gives the farmer a 
reasonable profit. 
Crop production can be viewed as a system where uncon­
trollable factors, such as climate, interact with controllable 
factors, like agronomic practices. Recently, a maximum-yield 
research approach has been used to identify and develop those 
production systems that include the best of all controllable 
factors needed to produce the highest possible yield, for a 
specific soil and climate (Nelson, 1981; Schmidt, 1983). 
Major controllable factors for soybean production systems in 
central Iowa include suitable high-yielding cultivars, ade­
quate soil nutrients, optimum time of planting, optimum row 
spacing and plant density, weed control, and the control of 
pests and diseases. Irrigation has contributed to higher 
soybean yields but this input is not available to the majority 
of Iowa farmers. 
The,majority of soybean cultivars grown in central Iowa 
manifest an indeterminate growth habit. These cultivars are 
expected to perform better in average or below average 
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environments at higher latitudes, because of their overlapping 
of vegetative and reproductive stages of development. Under 
controlled and highly productive systems, determinate culti-
vars, in which the rate of vegetative growth decreases rapid­
ly after initiation of the reproductive growth stage, are ex­
pected to perform better than indeterminate cultivars. Soy­
bean cultivars with determinate growth habit adapted to higher 
latitudes have been developed recently. These cultivars have 
been found to be higher yielding in highly productive environ­
ments and more responsive to narrower rows and higher seeding 
rates (Cooper, 1981). Row-spacing and plant-density recom­
mendations are available for new determinate soybean culti­
vars (Cooper, 1978; Cooper et al., 1978). 
Although moisture availability is a critical factor for 
maximization of soybean yield, it is not a controllable factor 
at present in central Iowa and nearly all soybeans depend on 
rainfall. Pests and diseases are considered to be lesser 
problems in the temperate environment of Iowa compared with 
tropical and subtropical environments. 
Development of a viable production system should take 
into consideration the long-term impact on soil. Soil ero­
sion is increasingly becoming a major problem in Iowa 
(Amemiya, 1977; Laflen et al., 1981). Conservation tillage 
practices, such as no-tillage and minimum tillage, have been 
found to be effective and economic in reduction of erosion 
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(Amemiya, 1977; Pope et al., 1983). Many physical, chemical, 
and biological changes in soil occur with conservation till­
age (Halliday, 1975; USDA, 1977; Gantzer and Blake, 1978; 
Dick, 1983; Tyler et al., 1983), so soil fertility and fer­
tilizer requirement change with tillage (Schulte, 1979; 
Bitzer, 1982-83; Johnson, 1983; Peaslee et al., 1983). There 
has been a considerable amount of research conducted on the 
effects of conservation tillage systems on the growth and 
yield of corn (Zea mays L.). However, such studies are 
limited for soybean, particularly for central Iowa. 
The research presented here follows the system concept, 
with a broad objective of developing an integrated optimum 
system, in terms of tillage, fertility level, cultivar, row 
spacing, and plant density in order to maximize.soybean pro­
duction in central Iowa. In order to achieve this objective, 
two experiments were conducted each year during 1981, 1982, 
and 1983, at Iowa State University Agronomy and Agricultural 
Engineering Research Center, Boone, Iowa. Experiment I in­
cluded four cultivars, three plant densities, and three row 
spacings. Experiment II included three tillage systems and 
three fertility levels of nitrogen, phosphorus, and potassium. 
This dissertation is divided into two parts. The two experi­
ments are presented separately, with an overall summary in­
cluded with the last. 
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PART I. THE EFFECT OF ROW SPACING AND PLANT DENSITY ON 
MORPHOLOGICAL AND YIELD CHARACTERS OF INDETERMINATE 
AND DETERMINATE SOYBEAN CULTIVARS 
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INTRODUCTION 
Soybeans traditionally have been grown in wide row spac-
ings in the United States (Egli, 1976). Higher yield of soy­
bean in narrow rows was reported as early as 1908 (Mooers, 
1908). Since then, a number of studies have shown that soy­
bean yields in many regions are increased by planting in 
narrow rows (Wiggans, 1939; Lehman and Lambert, 1960; Shibles 
and Weber, 1966; Weber et al., 1966; Wilcox, 1974; Cooper, 
1977; Green et al., 1977; Safo-Kantanka and Lawson, 1980; 
Shroyer, 1980). Yield increases with narrow rows have been 
more consistent in the northern soybean producing areas of the 
United States. Benson and Shroyer (1978) reviewed research 
conducted in Iowa and indicated a 10, 17, and 22% increase 
in yield by decreasing row spacing from traditional 102 cm to 
76, 51, and 25 cm row spacing, respectively. Cooper (1971, 
1977) reported a yield advantage of up to 20% from 17-cm rows 
compared with 50- and 70-cm rows in Illinois. However, re­
ports exist in the literature where no yield advantages have 
been found by decreasing the row spacing (Hicks et al., 1969; 
Sesay, 1972). 
Plant density is the number of plants per unit area. The 
density of a row crop like soybean is determined both by inter-
row and intrarow spacings, i.e., spatial arrangement. The 
soybean plant has been shown to have the ability to make wide 
adjustments to space variation (Wiggans, 1939; Probst, 1945), 
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so the yield responses to increasing plant densities reported 
in the literature have been varied (Wiggans, 1939; Probst, 
1945; Lehman and Lambert, 1950; Weber et al., 1966; Wilcox, 
1974; Shroyer, 1980). Research reports indicated that the 
yield per plant decreased as plant density increased (Hinson 
and Hanson, 1962; Shroyer, 1980). However, experimental re­
sults have shown that soybeans usually produce the same yield 
over wide variations in densities when yields are expressed 
on an area basis (Cooper, 1971; Safo-Kantaka and Lawson, 1980; 
Ablett et al., 1984). Wilcox (1974) evaluated three soybean 
strains in approximately equidistant spacings at 14 densities 
ranging from 25,000 to 582,000 plants per hectare in Indiana 
and found only one strain was sensitive to high densities. 
However, that strain did not differ significantly when density 
increased or decreased 27% from the optimum. Wilcox suggested 
that extremely accurate planting to precise density would not 
be essential to produce maximum soybean yields for specific 
cultivars. Interactions of plant density with row spacings 
have been reported in the literature. Basnet et al. (1974) 
reported that soybean yields increased when within-row spac­
ing increased in narrow rows and when within-row spacing de­
creased in wider rows. Similar results have been reported by 
other researchers (Donovan et al., 1963; Weber et al., 1966; 
Timmons et al., 1967; Shroyer, 1980), 
Yield advantages from narrow rows have often been ex­
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plained by the fact that the closer canopy that results 
earlier in the season intercepts a larger percentage of the 
solar radiation and thereby increases photosynthesis and re­
duces soil evaporation losses (Shaw and Weber, 1966j Shibles 
and Weber, 1966; Sesay, 1972; Omer, 1980). Other researchers 
have attempted to relate row spacing and density effects to 
soil water depletion and evaporation rates (Peters and John­
son, 1960; Stone et al., 1976; Taylor, 1980; Alessi and Power, 
1982). Peters and Johnson (1960) studied soil moisture use by 
soybeans planted in two row widths (51 and 102 cm) in irri­
gated culture on a deep clay loam soil. They found consider­
able moisture existing in the interrow spaces for the wider 
row widths at maturity and concluded that the highest yields 
in the narrow rows were attributed to more efficient exploita­
tion of subsoil moisture. Taylor (1980) reported a 17% 
greater soybean yield from 25-cm rows than from 100-cm rows 
in years of high rainfall in Iowa, but found no row-spacing 
effects in drier years. Alessi and P-^wer (1982) found no ef­
fect of row spacing on soybean yields in years of normal or 
above-normal precipitation, but observed a reduction in yield 
when severe water stress was encountered during years of 
below-normal precipitation. 
Reported effects of row spacing and plant density on 
plant characteristics have been variable (Probst, 1945; Leh­
man and Lambert, 1960; Hinson and Hanson, 1962; Weber et al.. 
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1966; Hicks et al., 1969; Sesay, 1972; Wilcox, 1974; Benson 
and Shroyer, 1978; Orner, 1980; Safo-Kantaka and Lawson, 1980; 
Shroyer, 1980). Generally, lodging is greater with a decrease 
in row spacing or an increase in plant density. However, 
lodging has been reported to be more closely associated with 
change in plant density than to change in row spacing, and 
is greater with the combination of a decrease in row spacing 
and an increase in plant density. Most reports have shown an 
increase or no change in plant height as row spacing decreases 
or density increases. The number of nodes per plant has been 
shown to increase or remain constant with a decrease in row 
spacing and generally decrease with an increase in plant 
density. Branching is generally less with a decrease in row 
spacing and an increase in plant density. Height of the low­
est pod increases and number of pods per plant decreases with 
a row spacing decrease and plant density increase. However, 
Weber et al. (1966) reported an increased number of pods with 
narrow row spacings. Seeds per pod and seed size are general­
ly less affected by row spacing and plant density changes. 
The yield increase in narrow rows is usually attributed to an 
increase in pod numbers per unit area (Lehman and Lambert, 
1960). 
Traditionally, determinate (dt^) soybean cultivars have 
been grown in the southern production area of the United 
States, and indeterminate (Dt^) cultivars have been grown in 
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the northern production area of the United States (Johnson 
and Bernard, 1962). With determinate cultivars, main stem 
elongation ceases at or soon after flowering is initiated; 
whereas, with indeterminate cultivars, stem elongation con­
tinues several weeks after flowering (Bernard, 1972). Gen­
erally, determinate cultivars have shorter plant height, 
fewer main stem nodes, lower basal pod heights, shorter 
flowering period, less lodging and less leaf area during the 
later part of the growing season (Hicks et al., 1959; Cooper, 
1981). 
Genotype x row spacing interaction (Probst, 1945; Cooper, 
1977) and genotype x plant density interaction (Wiggans, 1939; 
Wilcox, 1974) have been demonstrated in yield of soybean. 
Wiggans (1939) concluded that each soybean cultivar has an 
optimum number of plants per unit area for maximum yield. 
Traditionally grown indeterminate cultivars lodge and yield 
less in highly productive environment, including narrow row 
spacing. Lodging reduced yields of indeterminate cultivars 
as much as 23% in highly productive environments in central 
Illinois (Cooper, 1971). Cooper (1971) suggested that cur­
rently grown cultivars may be unadapted to highly productive 
environments (35 to 40 q/ha or higher yield) because of ex­
cessive growth and lodging. Plant breeding efforts in recent 
years have resulted in the development and release of Maturity 
Group II and III determinate cultivars (Cooper, 1978, 1981). 
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Higher yield and less lodging resulted with determinate soy­
bean cultivars compared with the indeterminate cultivar 
•Williams' when grown in 17-cm row spacing and high produc­
tive environments, but displayed lower yield than Williams 
when grown in 75-cm row spacing and low yield environments 
(Cooper, 1981). The ability to produce high yields over a 
wide range of plant densities has been .demonstrated for the 
determinate cultivar 'Elf' (Beaver and Johnson, 1981a), How­
ever, Chang et al. (1982) reported that stem termination type 
had no effect on yield. Lower yields for semideterminates 
than for indeterminates have also been reported (Green et al., 
1977; Wilcox, 1980). These differential performances re­
ported in the literature for different soybean types could 
have resulted from differences in testing environments and 
materials tested. Beaver and Johnson (1981a) indicated that 
the determinate growth habit might possess a less predictable 
performance when grown in the northern soybean region of the 
United States, suggesting specific adaptation of determinate 
cultivars. 
In general, published reports indicate that seed yield 
increases with a decrease in row spacing. Plant density has 
an erratic effect on seed yield. Cultivar x row spacing, 
cultivar x plant density, and row spacing x plant density 
interactions exist for soybean yield. Recently developed 
determinate cultivars may have yield advantages over 
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traditionally grown indeterminate cultivars in highly pro­
ductive environments. The number of soybean plants per unit 
area, as determined by interrow and intrarow spacings can 
have a very marked effect on soybean yield. Thus, the inter­
row and intrarow spacings can be regarded as an agricultural 
"input" in much the same way as fertilizer and should be 
optimized for maximum yield. Since determinate cultivars 
have specific adaptation parameters, specific recommendations 
for management, especially row spacing and plant density, 
should be developed in order to get maximum benefits from the 
use of these cultivars. Row spacing and plant density recom­
mendations for determinate soybean cultivars have been made 
for other areas (Cooper, 1978; Cooper et al., 1978). Similar 
recommendations are not available for central Iowa. 
This study was conducted with the objectives of (a) evalu­
ating the comparative performance of soybean cultivars dif­
fering in growth habit, (b) determining the effect of row 
spacing and plant density on soybean yield and other charac­
ters, and (c) identifying the optimum row spacing and plant 
density for determinate and indeterminate soybean cultivars 
in central Iowa. 
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MATERIALS AND METHODS 
A field study was conducted during 1981, 1982, and 1983, 
at the Iowa State University Agronomy and Agricultural 
Engineering Research Center, near Boone, Iowa. The site was 
located on the Berkey Farm and consisted of a Nicollet (Aquic 
Hapludolis)-Webster (Typic Haplaquolls) soil complex. Treat­
ments consisted of three row spacings (25, 51, and 76 cm), 
three plant densities (247,000, 494,000, and 741,000 plants/ 
ha—to be called low, medium, and high herein), and four 
cultivars. The cultivars used during 1981 were 'Asgrow 3127' 
(private), 'NK 1492' (private), 'Harcor* (public), and 
'Sprite* (public). Sprite was the only determinate cultivar 
used during 1981. NK 1492 and Harcor had earlier maturity 
compared with Asgrow 3127 and Sprite. This resulted in some 
harvesting losses from shattering for the two earlier culti­
vars. To avoid harvesting losses and to make comparisons 
more balanced, Asgrow 3127 and 'Pella' (both indeterminate) 
and 'Hobbit' and Sprite (both determinate) cultivars were 
used during 1982 and 1983. The basis for selection of these 
cultivars was their superior performance in central Iowa 
according to the Iowa Soybean Yield Test (Iowa Soybean Yield 
Test Report - 1980, 1981; Cooperative Extension Service, 
Iowa State University, Ames, Iowa). 
A split-plot design was used for all three years, with 
row spacing as the main plot, with plant density and cultivars 
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randomized within row spacing. All treatment combinations 
were replicated three times. The experimental area was 
alternated with similar experiments on com in an adjacent 
site each year and rerandomization was carried out every year. 
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The gross plot size at planting was 27.86 m (9.14 m x 3.05 
m) for all row spacings. There were 10, 5, and 4 soybean 
rows in the 25-, 51-, and 76-cm row spacings, respectively, 
at planting. 
Minimum tillage,•fall chisel plowing and spring disking, 
was used for land preparation. The experimental area was bulk 
fertilized with phosphorus (74 kg/ha) and potassium (186 kg/ha) 
in spring of each year. Alachlor and bentazon, at the rates 
of 3.36 a.i. kg/ha and 1.12 a.i. kg/ha, respectively, were 
applied at the time of spring disking during all years, and 
sethoxydim (poast), at the rate of 1.43 a.i. kg/ha, was 
applied as post-emergence herbicide during 1983 for weed 
control. Supplemental hand weeding was carried out as neces­
sary to keep plots weed-free. More weed problems occurred 
during 1982 than other years. Planting was done with a plot 
planter. Planting dates were May 22, June 3, and May 24, for 
1981, 1982, and 1983, respectively. Harvesting dates were 
October 19 during 1981, October 24 during 1982, and October 
20 during 1983. Harvesting was done with a small-plot combine 
which had a 101.6-cm cutting head. Prior to harvest, all 
plots were end-trimmed to 8.62 m. 
15 
The morphological and yield characters measured were 
plant height (measured from cotyledonary node to terminal 
node), number of branches per plant, number of pods per plant, 
number of seeds per pod, 100-seed weight, and grain yield 
during 1981. Additional measurements made during 1982 and 
1983 included lodging score (1 = upright to 5 = horizontal) 
and number of nodes per plant (from cotyledonary node 
to terminal node). Lodging scores were visually estimated 
before harvest. Five plants during 1981 and 1982, and 10 
plants during 1983 were randomly selected and pulled care­
fully from harvesting rows prior to harvest. The selected 
plants were bundled and carefully hung in a shed for later 
determination of plant characters. Ten randomly selected 
pods from each plant were used to determine seeds per pod. 
For yield measurements, four central rows from the 25-cm 
row spacing and two central rows from the 51- and 76-cm row 
spacings were harvested. Yield samples were collected in 
cloth bags and allowed to dry at 43°C for 48 hours in a 
drier. Weights were taken after the seed was cleaned manual­
ly with screens. Grain yields were adjusted to 13% moisture 
after moisture measurements were taken with a Dickey-John 
GAC II moisture meter. Two hundred randomly selected seeds 
were weighed from each sample to obtain 100-seed weight. 
All variables measured were averaged for each plot and 
the data obtained were subjected to analysis of variance in 
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a manner consistent with split-plot design. The 1981 experi­
ment was not consistent, compared with 1982 and 1983, for 
cultivars used and measurements taken, so data from 1981 were 
dealt with separately as a preliminary experiment and will be 
presented first. Combined data from 1982 and 1983 were 
analyzed considering year as a fixed variable. Whenever sig­
nificant main effect and significant two-factor combinations 
(interaction) were observed from the analysis of variance for 
grain yield, regression analysis was conducted to determine 
the relationship. Orthogonal contrasts also were used to 
compare important cultivar differences for grain yield. 
Simple correlation coefficients were also determined for 
characters measured. 
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RESULTS AND DISCUSSION 
The three years of this experiment varied in the amount 
and distribution of precipitation, and in temperature. Gen­
erally, precipitation was below average during 1981, and 
above average during 1982 and 1983. Temperature was cooler 
than average in 1982 and warmer in 1983. In 1983, there was 
a more favorable moisture environment during the flowering 
period (July) and the pod-filling period (August-September) 
compared with 1981 and 1982. However, 1983 also had above-
normal temperatures and a dry period of about three weeks in 
early August (Table Al, Appendix). 
Presentation of the results and their discussion will 
be limited to the effects of main treatments and the signifi­
cant effects from two treatment interactions. Whenever sig­
nificant effects from year x treatment interactions for all 
plant characters except grain yield and more than two treat­
ment interactions existed, these will simply be indicated in 
mean squares tables presented. This approach has been taken 
to simplify interpretation of results and to summarize the 
study for meaningful conclusions. 
Preliminary Experiment - 1981 
The analysis of variance for plant characters indicated; 
(a) cultivar had a significant effect on plant height, number 
of branches per plant, number of pods per plant, 100-seed 
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weight, and grain yield; (b) density had a significant ef­
fect on number of branches per plant, number of pods per 
plant, number of seeds per pod, and 100-seed weight; and 
(c) cultivar x density had a significant effect on plant 
height and number of branches per plant (Table 1). All 
other main effects and interactions were not significant. 
Main Effects 
Means of plant characters for different treatments are 
presented in Table 2. 
Row spacing had no significant effect on any plant char­
acter. However, there was a tendency for increased yield as 
row spacing decreased. 
Plant height was significantly different for all cul­
tivars. 'Asgrow 3127' was the tallest cultivar and 'Sprite* 
was the shortest cultivar. This was expected, as Sprite 
has been described as the semi-dwarf cultivar (Cooper, 1981). 
Sprite had a significantly greatest number of branches per 
plant of all cultivars. These results agree with other re­
sults that determinate cultivars such as Sprite are shorter 
and have more branches than the indeterminate cultivars 
(Hicks et al., 1959; Shroyer, 1980; Cooper, 1981). Sprite 
had the greatest number of pods per plant, significantly 
different than Asgrow 3127 and 'NK 1492'. Seed size (100-
seed weight) was also significantly greatest for Sprite. The 
Table 1. Mean squares from the analysis of variance of soybean plant characters 
measured during 1981 
Source of 
variation df 
Plant 
height 
(cm) 
No, of 
branches/ 
plant 
No, of 
pods/ 
plant 
No, of 
seeds/ 
pod 
100-seed 
weight 
(g) 
Grain 
yield 
(q/ha) 
Rep 2 2976.67** 9,78** 622,00** 0,004 0.685 434.46** 
Row space (RS) 2 77,08 1,21 51,59 0,002 0,593 7,43 
Rep X RS-
Error A 4 693,91 0,94 70,69 0,009 0,918 18, 34 
Cultivar (Cult) 3 2902,22** 11,63** 278,71** 0,029 40,575** 56,97** 
Density (D) 2 15,17 12.81** 3328,66** 0,195** 3.373** 4,68 
RS X Cult 6 44,56 0,21 31,57 0.033 0.603 11,07 
RS X D 4 20,60 0,68 68,73 0.005 0, 165 2,81 
Cult X D 6 129,60** 0,93* 60,09 0,006 0, 333 9,70 
RS X Cult X D 12 51,68 0,34 36,09 0,011 0, 193 9,56 
Residual -
Error B 66 31, 21 0.31 43,51 0.018 0,280 10.22 
Overall mean 84,60 1.72 34,20 2,43 16.97 31.33 
Coefficient of 
variation (%) 6,60 32.4 19,29 5. 52 3. 12 10.20 
•Significant at the 0.05 level. 
••Significant at the 0.01 level. 
Table 2. Means of soybean plant characters for different row spacings, cultivars 
and densities measured during 1981 
Treatment 
Plant 
height 
(cm) 
No. of 
branches/ 
plant 
No. of 
pods/ 
plant 
No. of 
seeds/ 
pod 
100-seed 
weight (g )  
Grain 
yield 
(q/ha 
Row space (cm) 
25 
51 
76 
85.75 
82.96 
85.11 
1.54 
1.71 
1.91 
34.08 
33.06 
35.45 
2.42 
2.43 
2.44 
16.83 
17.07 
17.02 
31.86 
31.09 
31.05 
LSD (.05) NS^ NS NS NS NS NS 
Cultivar 
Asgrow 3127 
NK 1492 
Harcor 
Sprite 
93.05 
85.39 
90.18 
69.79 
1.17 
1.44 
1.59 
2.67 
33.94 
29.94 
35.33 
37.59 
2.43 
2.44 
2. 39 
2.46 
15.96 
16.70 
16.49 
18.75 
31.78 
30.63 
29.79 
33.13 
LSD (.05) 2.00 0. 30 3.58 NS 0.58 1.74 
Density 
Low 
Medium 
High 
84.87 
85.08 
83.86 
2.40 
1.45 
1. 30 
45.01 
30.99 
26.59 
2.51 
2.41 
2. 37 
16.65 
17.02 
17.25 
31.18 
31.74 
31.07 
LSD (.05) NS 0.26 3.10 0.06 0.50 NS 
^NS = nonsignificant. 
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yield difference between Sprite and Asgrow 3127 was not sig­
nificant. 'Harcor' gave the lowest yield. There were yield 
advantages of 10% and 11% from Sprite compared with NK 1492 
and Harcor, respectively. 
The number of branches per plant was significantly de­
creased as plant density increased. Number of pods per plant 
and number of seeds per pod were significantly higher for low 
plant density compared with medium and high plant densities. 
However, significant increases in the aforementioned yield 
characters were not reflected in grain yield. The signifi­
cant increase in seed size for high plant density compared 
with low plant density occurred and probably offset the ad­
vantage of the higher number of pods per plant and seeds per 
pod occurring at low plant density. 
Interaction Effects 
Mean plant height and number of branches per plant for 
the significant cultivar x plant density interaction are 
presented in Table 3. 
Plant height for all three indeterminate cultivars 
(Asgrow 3127, NK 1492, and Harcor) decreased with an increase 
in plant density. In contrast, plant height increased with 
an increase in plant density for the determinate cultivar 
Sprite. This differential response of Sprite probably re­
sulted in the significant cultivar x plant density interac-
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Table 3. Mean soybean plant height and number of branches 
per plant for the significant cultivar-by-plant 
density interactions during 1981 
Plant height (cm) No. of branches 
Plant density —Plant density 
Cultivar Low Medium High Low Medium High 
Asgrow 3127 94.89 92.19 92.08 1.80 0.84 0.87 
NK 1492 89.04 85.07 82.06 1.91 1.13 1.29 
Harcor 91.38 91.58 87.59 2.22 1.20 1.33 
Sprite 64.17 71.48 73.73 3.67 2.62 1.71 
SE 1.85 0.19 
tion for plant height. The number of branches per plant 
manifested a decreasing trend with increasing plant density 
for Sprite. With indeterminate cultivars, the number of 
branches per plant decreased from low to medium plant density 
and increased again at high plant density. The number of 
branches per plant was highest for Sprite at low plant 
density and lowest for NK 1492 at medium plant density. 
In general, the preliminary experiment conducted in 1981 
showed that row spacing had no significant effect on any of 
the plant characters measured. Morphological characters such 
as plant height and number of branches per plant were more 
responsive to change in plant density than to change in row 
spacing. The determinate cultivar Sprite had shorter plant 
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height and a greater number of branches per plant than did 
indeterminate cultivars, and responded more to change in 
plant density for these characters. The determinate culti-
var Sprite gave the highest yield, although the yield was 
not significantly different from Asgrow 3127 but was sig­
nificantly different from NK 1492 and Harcor. 
Experiment in 1982 and 1983 
Main Effects 
Year effect 
The year effect was significant for lodging, number of 
branches per plant, number of nodes per plant, number of pods 
per plant, number of seeds per pod, 100-seed weight, and grain 
yield (Tables 4 and 5). Lodging was significantly higher in 
1982 than in 1983 (Table 5). Plants were more than 5 cm 
taller in 1982 than in 1983. Increased lodging in 1982 could 
be related to increased plant height, as lodging and plant 
height were positively correlated (Table 9). The number of 
branches per plant, number of nodes per plant, number of pods 
per plant, and grain yield were significantly higher in 1983 
than in 1982; 100-seed weight, however, was significantly 
lower in 1983 than in 1982. The average grain yield in 1983 
was about 20% higher than in 1982. The better performance 
obtained in 1983 compared with 1982 could be related to more 
timely planting and more favorable moisture conditions in 
1983. Planting was 10 days earlier in 1983 than in 1982. 
Table 4, Mean squares of morphological characters of soybean from the analysis 
of variance for the combined data of 1982 and 1983 
Plant No. of No. of 
height branches/ nodes/ 
Source of variation df Lodging (cm) plant plant 
Year (yr) 1 3.10** 1202.75 41.17** 1410.16** 
Rep (yr)-Error A 4 0.11 336.04 0.90 8.23 
Row space (RS) 2 0.63 235.85 7.80 0.48 
Yr X RS 2 0.01 49.68 2.17 7.19 
RS X Rep (yr)-Error B 8 0.91. 134.59 3.50 1.97 
Cultivar (Cult) 3 3.99** 17661.28** 109.82** 133.09** 
Yr X Cult 3 5.63** 237.12** 13.49** 2.35 
Density (D) 2 14.84** 699.92** 80.96** 61.93** 
Yr X D 2 0.35 19.55 8.48** 20.94** 
Cult X D 6 1.27** 273.95** 1.26 8.27** 
Yr X Cult X D 6 0.78** 20.12 0.59 1.86 
RS X Cult 6 0.25 27. 31 0.40 0.17 
Yr X RS X Cult 6 0.16 41.16 0.59 0.60 
RS X D 4 1.02** 71.13* 0.55 0.14 
Yr X RS X D 4 0.09 25. 82 0.55 0. 39 
RS X Cult X D 12 0.25 13.00 0.50 0.43 
Yr X RS X Cult x D 12 0.28 22.48 0.71 0.74 
Residual-Error C 132 0.17 24.30 0.75 1.16 
Overall mean 1.92 84.74 3.17 14.01 
Coefficient of variation (%) 21.47 5. 82 27.32 7.68 
•Significant at 0.05 level. 
••Significant at 0.01 level. 
Table 5. Mean squares of yield characters of soybean from the analysis of vari­
ance for the combined data of 1982 and 1983 
No. of No. of 100-seed Grain 
pods/ seeds/ weight yield 
Source of variation df plant pod (g) (q/ha) 
Year (yr) 
Rep (yr)-Error A 
Row space (RS) 
Linear 
Lack of fit 
Yr X RS 
RS X Rep (yr)-Error B 
Cultivar (Cult) 
Indt (A&P) vs Dt (S&H) 
A vs P 
S vs H 
Yr X Cult 
Density (D) 
Linear 
Lack of fit 
Yr X D 
Cult X D 
Cult X D (linear) 
Cult X lack of fit 
1 
4 
2 
2 
8 
3 
3 
2 
2 
6 
1 
1 
1 
1 
1 
1 
1 
3 
3 
1250.41* 
138.30 
294.72** 
65.74 
64.52 
1071.94** 
315.87** 
7594.41** 
1559.37** 
181.47** 
6.510** 
0.007 
0.007 
0.019 
0.010 
0.361** 
0.002 
0.126** 
0.018 
0.017 
95.07* 
6.96 
3.06 
0.65 
1.45 
213.77** 
11.12 
2.02*  
0.20 
1.07* 
2581.43** 
8.20 
43.57* 
83.97** 
3.19 
30.24** 
5.71 
60.65** 
18.48* 
158.12** 
5.96 
20.06** 
18.06** 
36.12** 
0.00 
2.52 
9.70* 
10.95* 
8.45 
^Indt = indeterminate, Dt = determinate, A 
Sprite, H = Hobbit. 
= Asgrow 3127, P = Pella, S = 
*Significant at 0.05 level. 
**Significant at 0,02 level. 
Table 5. (Continued) 
No, of No. of 100-seed Grain 
pods/ seeds/ weight yield 
Source of variation df plant pod (g) (q/ha) 
Yr X Cult X D 
Cult X RS 
Cult X RS (linear) 
Cult X lack of fit 
Yr X RS X Cult 
D X RS 
D X RS (linear) 
D X lack of fit 
Yr X RS X D 
RS X Cult X D 
Yr X RS X Cult X D 
Residual-Error C 
6 
6 
6 
4 
4 
12 
12 
132 
3 
3 
2 
2 
Overall mean 
Coefficient of variation (%) 
27.13 
15.00 
18.32 
30.93 
39.62 
17.08 
10.25 
31.70 
33.29 
16.92 
0.014 
0.009 
0.010 
0.007 
0.059** 
0.004 
0.005 
0.012 
2.43 
4.51 
0.30 
0.62 
0.61 
0.93 
0.55 
0.39 
0.48 
0.47 
16.57 
4.14 
2.62 
6.62 
3.67 
9.45* 
1.23 
17.67** 
9.80* 
3. 36 
1.67 
3.70 
31.83 
• 6.05 
Table 6. Means of soybean plant characters for different row spacings, densities, 
and cultivars from the combined data of 1982 and 1983 
Plant characters 
Plant No. of No. of No. of No. of 100-seed Grain 
Lodging height branches/ nodes/ pods/ seeds/ weight yield 
Treatment (1-5) (cm) plant plant plant pod (g) (q/ha) 
Row spacing (cm) 
25 1.98 86.02 2.99 14.06 31. 89 2.42 16.70 32.51 
51 1.96 85.53 2.96 14.05 32.37 2.44 16.68 32.01 
76 1.81 82.67 3.55 13.92 35.61 2.43 16. 33 30.98 
LSD (.05) NS^ NS NS NS 1.86 NS NS 0.63 
Cultivar 
Asgrow 3127 2.02 93.60 1.70 15. 33 35.37 2.46 14.84 32.75 
Pella 1.93 105.95 2.21 15. 36 26.76 2.53 19.20 30. 33 
Hobbit 1.54 69.06 4.61 13.04 36.67 2.35 15.23 32. 36 
Sprite 2.18 70.35 4.14 12. 31 34.36 2.37 17.00 31.89 
LSD (.05) 0.16 1.88 0.33 0.41 2.14 0.04 0.26 0.73 
Density 
Low 1.17 81.15 4.35 14.87 44.79 2.47 16.37 32. 33 
Medium 1.84 86. 34 2.83 14.13 30.02 2.43 16.66 31.84 
High 2.74 86.73 2. 31 13.03 25.05 2.38 16.67 31.33 
LSD (.05) 0.13 1.63 0.28 0.35 1.86 0.04 0.23 0.63 
1982 2.04 87.10 2.73 11.46 30.88 2.60 17.23 28. 38 
1983 1.80 82.38 3.60 16.57 35.69 2.25 15.90 35.29 
LSD (.05) 0.11 NS 0.23 0.29 1.51 NS 0.19 0.52 
^NS = nonsignificant. 
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Several researchers have reported a reduction in soybean yield 
with delayed planting in central Iowa (Sesay, 1972; Benson 
and Shroyer, 1978; Shroyer, 1980). 
Row-spacing effect 
Row spacing significantly affected number of pods per 
plant and grain yield (Table 5). Reductions in number of 
pods per plant occurred as row spacing narrowed (Table 6). 
Grain yield was lowest for the 76-cm row spacing, which was 
significantly different than 25- and 51-citi row spacings. A 
yield advantage of 5% was obtained at 25-cm over 75-cm rows. 
Regression analysis revealed a highly significant negative 
linear relationship between grain yield and row spacing 
(Table 5, Figure 1). In general, soybean yield increased as 
row width decreased. This result is in agreement with a 
majority of reported results (Wiggans, 1939; Lehman and 
Lambert, 1960; Shibles and Weber, 1966; Weber et al., 1966; 
Wilcox, 1974; Cooper, 1977; Green et al., 1977; Shroyer, 
1980). However, it did not agree with results of some re­
searchers (Hicks et al., 1969; Sesay, 1972). There was no 
evidence available in this study to relate grain yield re­
sponse to row spacing as affected by any physiological 
processes. However, similar responses obtained in past 
studies were explained by: (a) increased photosynthesis 
by the closer canopy in the early part of the season in 
narrow rows (Shaw and Weber, 1966; Shibles and Weber, 1966; 
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Figure 1. Relationship of soybean grain yield to row spdcing For plant 
densities from the combined data of 1982 and 1983 
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Sesay, 1972; Orner, 1980); and (b) reduction in soil-water 
depletion and evaporation rates (Peters and Johnson, 1960; 
Stone et al., 1976; Taylor, 1980; Alessi and Power, 1982). 
Cultivar effect 
Significant differences existed among cultivars for all 
characters measured (Tables 4 and 5). Lodging was highest 
for Sprite and lowest for Hobbit. It is interesting to note 
that these two cultivars were derived from the same cross 
('Williams' x 'Ransom'). This suggested that Hobbit had more 
selection pressure against lodging than did Sprite. Plant 
height was not significantly different between Hobbit and 
Sprite, but all other comparisons were significantly differ­
ent. Fella was the tallest cultivar and Hobbit was the 
shortest cultivar. In general, determinate cultivars were 
shorter than indeterminate cultivars. The number of branches 
per plant was significantly different among the four culti­
vars. A greater number of branches per plant occurred with 
determinate cultivars compared with indeterminate cultivars. 
In contrast to the number of branches per plant, indeterminate 
cultivars averaged a greater number of nodes per plant than 
did determinate cultivars. A highly significant positive 
correlation between plant height and number of nodes per 
plant, and a highly significant negative correlation between 
plant height and number of branches per plant existed for 
both years (Tables 9 and 10). These results showing the 
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effects of determinate and indeterminate cultivars on morpho­
logical characters were similar to the results reported by 
other researchers (Shroyer, 1980; Beaver and Johnson, 1981b; 
Cooper, 1981). 
Bella had the significantly lowest number of pods per 
plant and Hobbit had highest number of pods per plant. Dif­
ferences in the number of pods per plant between.Asgrow 3127 
and Hobbit, and between Asgrow 3127 and Sprite, were not 
significant. The average number of pods per plant was higher 
for determinate cultivars than for indeterminate cultivars. 
In contrast to the number of pods per plant, number of seeds 
per pod and seed size were higher for indeterminate cultivars 
than for determinate cultivars. Pella had significantly 
more seeds per pod and significantly largest seed size, and 
Hobbit had the lowest number of seeds per pod and the small­
est seed size among all cultivars. Grain yield differences 
between Asgrow 3127 and Hobbit, and between Hobbit and Sprite, 
were not significant. Pella produced significantly the lowest 
yield among all cultivars. In order to make comparisons of 
grain yield differences among cultivars, pertinent to the 
objectives in this study, and to make those comparisons more 
meaningful, the sum of squares for grain yield was divided 
into three orthogonal contrasts (Table 5): (a) between in­
determinate and determinate cultivars, (b) within two inde­
terminate cultivars, and (c) within two determinate cultivars. 
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These comparisons revealed that grain yields of indeterminate 
cultivars were significantly different from determinate cul­
tivars. Average grain yield of determinate cultivars (32.13 
q/ha) was higher than the average grain yield of indeterminate 
cultivars (31.54 q/ha). This significant but small differ­
ence (about 2%) between the grain yields of indeterminate 
and determinate cultivars was detectable in this study be­
cause of the high precision in the measurement of grain yield 
(CV, 5.05%). A highly significant difference in grain yield 
between the two indeterminate cultivars was found, but there 
was no significant difference in grain yield between the two 
determinate cultivars. These contrasts showed that highly 
significant differences in grain yield, obtained in the 
analysis of variance, resulted from the significant differ­
ence between indeterminate and determinate cultivars and from 
the highly significant difference between the two indeter­
minate cultivars. The similar yields of Hobbit and Sprite 
were expected because both cultivars were derived from the 
same cross (Williams x Ransom). A larger difference in yield 
between Asgrow 3127 and Pella was also expected, as their 
genetic makeup was different. Asgrow 3127 was derived from 
the cross Williams x 'Essex' and Pella was derived from the 
cross •L55L-137' x 'Calland' and the line L661-137 was 
derived from the original cross between 'Clark' x 'Adams'. 
As mentioned earlier, grain yields between Asgrow 3127 and 
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Hobbit, and between Hobbit and Sprite were not significantly-
different and it is interesting to note that all three culti-
vars had one parent in common. Grain yield response with 
determinate cultivars reported in the literature had been 
variable. Whenever the advantage from determinate cultivars 
over indeterminate cultivars in grain yield was obtained, it 
had been explained primarily by less lodging associated with 
the determinate cultivar (Cooper, 1978, 1981). Average 
lodging for determinate cultivars obtained in this study was 
lower than for indeterminate cultivars. However, the lowest 
lodging score was observed for Hobbit, a determinate culti­
var. Thus, the small advantage of determinate cultivars 
over indeterminate cultivars in this study probably could 
be attributed to less lodging and more branching of the 
determinate cultivars. Higher grain yield was associated 
with a greater number of pods per plant (Tables 9 and 10). 
Plant density effect 
The analysis of variance showed that plant density sig­
nificantly affected all attributes measured (Tables 4 and 5). 
Lodging and plant height increased as density increased and 
number of branches per plant and number of nodes per plant 
decreased as density increased (Table 6). There were more 
relative changes in lodging and number of branches per plant 
with changes in density, than in plant height and number of 
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nodes. Lodging increased by 134% and the number of branches 
per plant decreased by 88% when density was increased from 
low to high. An increase in plant height and a decrease in 
the number of nodes per plant with an increase in plant 
density suggested that an increase in plant height resulted 
primarily from internode elongation. 
The number of pods per plant significantly decreased as 
plant density increased (Table 5). The number of seeds per 
pod was significantly lowest at high density and there was 
no significant difference between low and medium densities. 
Seed size at low plant density was significantly smaller than 
at medium and high plant densities. The highest grain yield 
was obtained at low plant density and lowest grain yield was 
obtained at high plant density. However, there were no sig­
nificant differences in grain yield between low and medium, 
and between medium and high plant densities. Linear regres­
sion showed a highly significant negative linear relation­
ship between plant density and grain yield (Figure 2). In 
fact, the linear line was found to be a perfect fit (Table 5). 
These data indicated that plant density changes have 
larger effects on soybean morphological characters than do 
row-spacing changes. This result is consistent with other 
reported results (Probst, 1945; Weber et al., 1956; Sesay, 
1972; Wilcox, 1974; Shroyer, 1980). The negative response 
with increased plant density for the number of pods per plant 
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Figure 2. Relationship of soybean grain yield to plant density for cultivars 
from the combined data of 1982 and 1983 
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and number of seeds per pod agrees with reported results 
(Weber et al., 1966; Shroyer, 1980). However, unlike the 
increase in seed size with a plant density increase obtained 
in this study, Weber et al. (1966) found a negative effect 
on seed size and Shroyer (1980) found no effect on seed 
size with plant density changes. Plant density effects on 
grain yield have been erratic in published literature. In 
this study, yield was approximately 3% higher at low plant 
density compared with high plant density. 
Interaction Effects 
Year x row spacing 
Highly significant year x row spacing effect was found 
for grain yield, suggesting a differential response of grain 
yield to row spacing across years (Table 5). This effect has 
been plotted in Figure 3. Differences in grain yield across 
row spacings were small in 1982. However, there was a ten­
dency for increased yields with narrower row spacings (25-
and 51-cm) compared with wide row spacing (76-cm). Greater 
differences in grain yield across row spacings were obtained 
in 1983. The highest yield occurred at 51 cm and 25 cm, in 
1982 and 1983, respectively. The yield advantage in 1982 
at 51 cm over 76 cm was only 2.5%, compared with the yield 
advantage of 8% in 1983, at 25 cm over 76 cm. Greater yield 
response in 1983 from narrow row spacing could be attributed 
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to the more favorable moisture conditions and earlier plant­
ing in 1983 compared with 1982. Reviewing the yield response 
to row spacing in Iowa, Taylor (1980) reported greater soy­
bean yields in narrow rows in years of high rainfall. How­
ever, Alessi and Power (l982) found no effect of row spacing 
on soybean yields in years of normal and above-normal pre­
cipitation in North Dakota. Early planting has been a 
critical management variable for higher yield in the northern 
United States (Sesay, 1972; Benson and Shroyer, 1978; Shroyer, 
1980; Beaver and Johnson, 1982b). 
Year x cultivar 
Significant year x cultivar interaction existed for 
lodging, plant height, number of branches per plant, number 
of pods per plant, and grain yield (Tables 4 and 5). Sig­
nificant year x cultivar effect on grain yield is presented 
in Figure 4. Differences in grain yield across cultivars 
were smaller in 1982 than in 1983. The highest yield was 
produced by Asgrow 3127 and the lowest yield was produced 
by Pella in 1982. In 1983, Hobbit gave the highest yield 
and Pella gave the lowest yield. Different ranking of inde­
terminate (Asgrow 3127) and determinate (Hobbit) cultivars 
across years was probably related to the difference in plant­
ing dates for two years. Delayed planting of determinate 
cultivars could result in less vegetative growth and, thus, 
the source of limitation for higher yields. 
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Year x plant density 
Significant year x plant density interaction existed 
for number of branches per plant, number of nodes per plant, 
and number of pods per plant (Tables 4 and 5), suggesting that 
the effects of density on these characters were not consis­
tent across year. 
Row spacing x plant density 
Significant row spacing x plant density interaction ef­
fects occurred for lodging, plant height, and grain yield 
(Tables 4 and 5). These effects are presented in Table 7. 
Lodging increased as plant density increased for all row 
spacings. The increment in lodging from low to high plant 
density was highest at 25-cm and lowest at 76-cm row spacings. 
Lodging was also reduced as row spacing increased^ for low 
and high plant densities. Plant height increased as plant 
density increased from low to high at 25-cm and 76-cm row 
spacings. However, at 51-cm row spacing, plant height in­
creased from low to medium plant densities and declined again 
at high plant density, suggesting a quadratic response. Plant 
height also decreased for all plant densities at 76-cm row 
spacing, compared with 25-cm row spacing. However, plant 
height increased for low and medium plant densities when row 
spacing was increased from 25 cm to 51 cm. In general, these 
data showed that lodging and plant height increased with an 
increase in plant density and/or a decrease in row spacing. 
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The combination of 25-cm row spacing and high plant density 
resulted in the most lodging and greatest plant height. 
These results are similar to those of many other researchers 
(Weber et al., 1966; Hicks et al., 1969; Sesay, 1972; Wilcox, 
1974; Shroyer, 1980). 
Grain-yield response was negatively related to an in­
crease in plant density at all row spacings (Table 7). There 
were less variations in grain yield across plant densities 
at 25-cm row spacing compared with 51- and 75-cm row spac­
ings. This suggested that intrarow competition is probably 
more detrimental to soybean yield than interrow competition, 
as within-row spacing is larger in narrow rows for a given 
plant density than in wide rows. The highest grain yield 
and the lowest grain yield occurred in_the 51-cm row spacing 
with low and high plant density, respectively. As discussed 
earlier, the relationship between grain yield and plant den­
sity was negative and linear. Partitioning the sum of 
squares for the row spacing x plant density interaction into 
plant density x row spacing linear and plant density x lack 
of fit revealed that plant density x row spacing linear was 
not significant and plant density x lack of fit was highly 
significant (Table 5). This showed that linear slopes of 
different densities were not significantly different. These 
responses of grain yield can be observed in Figure 1. Sig­
nificant row spacing x plant density interaction probably 
Table 7, Means of soybean plant characters for the significant row spacing 
by plant density interactions from the combined data of 1982 and 1983 
Plant characters ] 
Lodging Plant height (cm) Grain yield (g/ha) 
spacing Plant density Plant density Plant density 
(cm) Low Medium High Low Medium High Low Medium High 
25 1.22 1.74 2.98 81.62 86.79 89.65 32.58 32.51 32.44 
51 1.13 1.88 2.87 82.85 88.42 85.33 33,01 32.30 30.70 
76 1.16 1.88 2.38 78.98 83.81 85.22 31.40 30.71 30.84 
SE 0.08 1.01 3.93 
43 
occurred due to quadratic response of density at Si-cm row 
spacing (Table 7). 
Cultivar x plant density 
Significant cultivar x plant density interaction effects 
existed for lodging, plant height, number of nodes per plant, 
number of pods per plant, 100-seed weight, and grain yield 
(Tables 4 and 5). These effects are presented in Table 8. 
Lodging increased as plant density increased for all 
cultivars. Determinate cultivars had reduced lodging at low 
and medium plant densities, but had slightly more lodging at 
high plant density than did indeterminate cultivars. Hobbit 
consistently had the lowest lodging scores at all plant den­
sities, among all cultivars. Lodging was greatest for Sprite 
at high plant density. This suggested that lodging is a cul­
tivar characteristic rather than a.growth type characteris­
tic at high plant density. Plant height increased for deter­
minate cultivars as plant density increased. For the inde­
terminate cultivars, plant height responses with changes in 
plant density were not consistent for two cultivars. However, 
there was a decline in plant height for both cultivars at 
high plant density compared to medium density. This suggested 
that plant height of indeterminate cultivars will be reduced 
under severe intrarow competition. Determinate cultivars 
were shorter than indeterminate cultivars at all plant densi­
ties. The number of nodes per plant was reduced as plant 
Table 8, Means of soybean plant characters for the significant cultivar x plant 
density interactions from the combined data of 1982 and 1983 
Plant characters 
Lodging Plant height (cm) No. of nodes/plant 
Plant density Plant density Plant density 
Cultivar Low Medium High Low Medium High Low Medium High 
Asgrow 3127 1.23 1.94 2.89 94.96 93.27 92.57 16.97 15. 30 13.73 
Pella 1.28 2.07 2.45 103.62 109.38 104.85 16.69 15.37 14.01 
Hobbit 1.01 1. 33 2.28 62.42 70.08 74.67 13. 39 13. 30 12.43 
Sprite 1.17 2.01 3.36 " 63.58 72.63 74.85 12.42 12.58 11.93 
SE 0.10 1.16 0.25 
ji. 
Plant characters 
No. of pods/plant 100-seed weight (g) Grain yield (g/ha) 
————Plant density———— ————Plant density———— ————Plant density———— 
Cultivar Low Medium High Low Medium High Low Medium High 
Asgrow 3127 50. 60 31. 37 24. 13 14. 26 15. 10 15. 17 34. 03 32. 31 31. 92 
Pella 33. 51 24. 81 21. 94 19. 05 19. 23 19. 31 30. 24 30. 13 30. 63 
Hobbit 
00 
41 33. 32 28. 27 15. 13 15. 26 15. 29 32. 28 33. 18 31. 61 
Sprite 46. 65 30. 60 25. 84 17. 06 17. 07 16. 89 32. 78 31. 74 31. 15 
SE 1. 33 . 0. 16 4. 54 
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density was increased, for three cultivars, Asgrow 3127, 
Pella and Hobbit. However, with Sprite, a quadratic type of 
response was found, where the number of nodes per plant was 
increased from low to medium plant densities and declined 
again at high plant density. This differential response of 
Sprite was probably responsible for significant cultivar x 
plant density interaction for the number of nodes per plant. 
An increase in plant height and decrease in number of nodes 
per plant, with an increase in plant density, indicated that 
the increase in plant height was a result of internode elonga­
tion. 
Reductions in the number of pods per plant occurred as 
plant density increased for all cultivars. The greatest re­
duction in the number of pods per plant occurred for Asgrow 
3127, an indeterminate cultivar, from low to high plant den­
sity. Asgrow 3127 had the greatest number of pods per plant 
at low plant density and Pella had the lowest number of pods 
per plant at high plant density. There was a slight increas­
ing trend in seed size with an increase in plant density. 
Seed size was reduced at high plant density for Sprite. An 
increase in seed size for Asgrow 3127, Pella, and Hobbit with 
an increase in plant density probably resulted from reduc­
tions in the number of pods per plant with an increase in 
plant density. Significant, negative correlations were found 
between the number of pods per plant and 100-seed weight for 
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both years (Tables 9 and 10). Pella had the largest seed 
size and Asgrow 3127 had the smallest seed size at all plant 
densities. Grain yields were reduced as plant density in­
creased for Asgrow 3127 and Sprite. With Hobbit, grain yield 
increased from low to medium plant density and declined again 
at high plant density. Pella had a slightly increased yield 
at high plant density. When the sum of squares for the cul­
tivar X plant density interaction was partitioned into cul­
tivar X plant density linear and cultivar x lack of fit, the 
mean square for cultivar x plant density linear was found to 
be significant and cultivar x lack of fit was not significant 
(Table 5). This indicated that the linear slopes of culti-
vars were significantly different. These differential linear 
responses of cultivars are plotted in Figure 2. Figure 2 
shows that there were negative responses of grain yield to 
an increase in plant density for Asgrow 3127, Hobbit, and 
Sprite. The slope for Asgrow 3127 was steeper than the slopes 
for Hobbit and Sprite. Pella produced a positive response 
in grain yield to a plant density increase. Those differen­
tial responses of cultivars resulted in significant cultivar 
X plant density interaction for grain yield. The analysis of 
variance also showed significant year x row spacing x plant 
density interaction for the number of seeds per pod and grain 
yield, and significant year x cultivar x plant density inter­
action for lodging. 
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Simple Correlation Coefficients (r) 
Simple correlation coefficients among variables are 
summarized in Tables 9 and 10, for 1982 and 1983, respec­
tively. Significant and consistent negative correlations 
across years were found between: (a) density and number of 
branches per plant, (b) density and number of nodes per 
plant, (c) density and number of pods per plant, (d) density 
and seeds per pod, (e) lodging and number of branches per 
plant, (f) lodging and number of pods per plant, (g) plant 
height and number of branches per plant, (h) plant height 
and number of pods per plant, and (i) number of pods per 
plant and 100-seed weight. Significant and consistent posi­
tive correlations across years were obtained between; 
(a) density and lodging, (b) plant height and number of 
nodes per plant, (c) plant height and seeds per pod, (d) plant 
height and 100-seed weight, (e) number of branches per plant 
and number of pods per plant, (f) number of nodes per plant 
and seeds per pod, and (g) number of pods per plant and grain 
yield. In addition, row spacing and plant density were 
negatively and significantly correlated with grain yield in 
1983. This probably explains the reduction in grain yields 
obtained with the increase in row spacing and plant density, 
and probably explains the higher grain yield response obtained 
in narrow rows in 1983. The number of pods per plant was the 
only character found to be significantly and positively 
Table 9. Simple correlation coefficients (r) among soybean 
characters measured during 1982 
Row Plant Plant No, of 
spacing, density Lodging height branches 
Row spacing 1 0 -.09 -.12 .09 
Density 1 .75*** .12 -.43*** 
Lodging 1 .35*** -.35*** 
Plant height 1 -.56*** 
No. of branches 1 
No. of nodes 
No. of pods 
Seeds/pod 
100-seed weight 
Yield 
*Significant at the 0.05 level. 
***Significant at <0.01 level. 
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No, of 
nodes 
No. of 
pods 
Seeds/ 
pod 
100-seed 
weight 
Grain 
yield• 
-.10 .14 -.06 -.06 -.05 
-, 18* -, 60*** -.22* -.05 -.15 
-.01 -.49*** -.02 .33*** -.20 
.77*** -.40*** .53*** .35*** -.07 
-.43*** ,59*** -.14 .07 -
1 -.08 .48*** .08 .10 
1 -.01 -.23* .18* 
1 .16 
1 
-.02 
-.16 
1 
Table 10. Simple correlation coefficients (r) among soybean 
characters measured during 1983 
Row Plant Plant No. of 
spacing density Lodging height branches 
Rov spacing 
Density 
Lodging 
Plant height 
No. of branches 
No. of nodes 
No. of pods 
Seeds/pod 
100-seed weight 
Yield 
0 
1 
,07 
,68*** 
1 
-.04 
.14 
.10 
1 
.15 
-.49*** 
—.33*** 
-.71*** 
1 
*Significant at the 0.05 level. 
**Significant at the 0.01 level. 
***Significant at the <0.01 level. 
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No, of No, of Seeds/ 100-seed Grain 
nodes pods pod weight yield 
-.13 .13 .13 -.09 -.42*** 
0.53*** -.78*** -.29** -.06 -.19* 
—.32*** —,45*** —.28*** —.1/ —.06 
,58*** -.27** .49*** ,41*** -.32*** 
-.11 .62*** -.24** -.35*** .21* 
1 .48*** .50*** -.01 .01 
1 .17 -.46*** .28*** 
1 .27*** -.05 
1 -.35*** 
1 
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correlated with grain yield for both years. Higher grain 
yield with various treatments and treatment combinations ob­
tained in this experiment probably could be attributed to 
less lodging, shorter plant height, greater number of 
branches per plant, and a greater number of pods per plant. 
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SUMMARY AND CONCLUSIONS 
The objectives of this study were to (a) compare and 
evaluate the performance of soybean cultivars differing in 
growth habit, (b) determine the effect of row spacing and 
plant density on soybean yield and other plant characters, 
and (c) identify the optimum row spacing and plant density 
for determinate and indeterminate soybean cultivars in 
central Iowa. The experiment was carried out for three 
years (1981, 1982, and 1983) and the variables studied 
included: (a) three row spacings (25, 51 and 76 cm), 
(b) four cultivars, two indeterminate (Asgrow 3127 and Pella) 
and two determinate (Hobbit and Sprite), and (c) three plant 
densities (247,000, 494,000, and 741,000 plants per hectare). 
Lodging, plant height, number of branches per plant, number 
of nodes per plant, number of pods per plant, number of seeds 
per pod, 100-seed weight, and grain yield were among the 
characters measured. Data from the first year (1981) were 
considered as preliminary data and data from the other two 
years (1982 and 1983) were combined. 
Results from the preliminary experiment conducted during 
1981 showed that row spacing had no significant effect on any 
plant character measured. However, there was a tendency for 
increased yield at the narrow row spacing. Morphological 
characters such as plant height and number of nodes per plant 
were more responsive to change in plant density than to 
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change in row spacing. Number of branches per plant, number 
of pods per plant, and number of seeds per pod were signifi­
cantly reduced with an increase in plant density. The deter­
minate cultivar Sprite had shorter plant height and a greater 
number of branches per plant than did the indeterminate cul­
tivar s , and responded more to changes in plant density for 
these characters. The determinate cultivar Sprite gave the 
highest yield, which did not differ significantly from Asgrow 
3127, but was significantly different from NK 1492 and Harcor. 
Average performances were different across years. How­
ever, the trend of responses of different characters to main 
treatments and treatment combinations were similar across 
years. The growing environment in 1983 was more productive 
than in 1982, with respect to temperature, moisture, and 
planting date. Lodging, plant height, and 100-seed weight 
were higher in 1982 than in 1983, while number of branches 
per plant, number of nodes per plant, number of pods per 
plant, and grain yield were higher in 1983 than in 1982. 
Average grain yield was 20% higher in 1983 than in 1982. 
There was a positive response of grain yield to a de­
crease in row spacing. The yield advantage of 5% was ob­
tained at 25-cm over 75-cm row spacing. Reductions in the 
number of pods per plant occurred with a decrease in row 
spacing. 
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Variable performances were observed in determinate and 
indeterminate cultivars. Lodging was generally lower for de­
terminate cultivars than for indeterminate cultivars. Plant 
height and number of nodes per plant were greater for inde­
terminate cultivars than for determinate cultivars. Number 
of branches per plant, number of pods per plant, and grain 
yield were higher for determinate cultivars than for inde­
terminate cultivars. Grain yield differences between two 
indeterminate cultivars were large; grain yields for the 
two determinate cultivars were similar. Grain yields among 
Asgrow 3127, Hobbit, and Sprite were similar and signifi­
cantly higher than Pella. 
Changes in plant density had more effect on plant char­
acters than changes in row spacing. Lodging, plant height, 
and seed size increased as density increased. Number of 
branches per plant, number of nodes per plant, number of pods 
per plant, and grain yield decreased with an increase in 
plant density. The grain yield response to an increase in 
plant density was negatively linear and the highest yield 
occurred at the lowest plant density. 
Grain yield response to narrow rows was higher in 1983 
than in 1982. Yield advantage with determinate cultivars 
was also greater in 1983 than in 1982. 
On the average, determinate cultivars had less lodging 
at low density, shorter plant height at all densities, lower 
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number of nodes at all densities, greater number of pods at 
all densities, and less reduction in grain yield with in­
creased plant density, compared with indeterminate cultivars. 
Lodging was greater with an increase in plant density 
for all row spacings. Lodging was greatest for 25-cm row 
spacing and high plant density. Plant height increased with 
an increase in plant density at all row spacings. Plants 
also were taller in 25-cm row spacing at all densities. In 
general, the combination of narrow row spacing (25 cm) and 
high plant density produced the most lodging and the greatest 
plant height. 
Results of this study showed that the determinate 
cultivars produced higher grain yields than the indeter­
minate cultivars and are adapted to the environment of 
central Iowa. Yield advantages can be realized from deter­
minate cultivars with less lodging, shorter plant height, 
greater number of branches, and greater number of pods com­
pared to indeterminate cultivars. Changes in plant density 
have more effect on plant characters than changes in row 
spacing. However, grain yield is more influenced by row 
spacing than by plant density. Greater yield can be obtained 
from narrow rows than wider rows. Determinate cultivars re­
spond more .to narrow rows than do indeterminate cultivars and 
are less sensitive to changes in plant density than are in­
determinate cultivars. 
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PART II. SOYBEAN MORPHOLOGICAL AND YIELD CHARACTERS 
INFLUENCED BY TILLAGE AND FERTILITY 
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INTRODUCTION 
Recent developments, such as rising fuel costs, and a 
growing concern about soil conservation, have resulted in 
concentrated research efforts to evaluate different tillage 
systems in crop production throughout the world. The use of 
conservation tillage (no-tillage and minimum tillage) is 
rapidly increasing. It is estimated that, by the year 2000, 
as much as 65% of the hectarage of crops grown in the United 
States may be grown by no-tillage practices (Phillips et al., 
1980). The U.S. Soil Conservation Service surveys show that 
the total area of conservation-tilled land in Iowa increased 
rapidly, from 178,200 ha in 1962 to 4,374,000 ha in 1978. 
Soil erosion is becoming an increasing problem in crop 
production. Nearly 3 billion tons of soil are lost each year 
from United States cropland (Myers, 1983). Iowa is one of 
the states with the highest average annual cropland erosion 
rate. Howard (1981) states that 22.1 t/ha of Iowa soil is 
lost to erosion each year. A great deal of research effort 
in past decades has established the fact that conservation 
tillage is the most cost-effective means of reducing soil 
erosion (Onstad, 1972; Amemiya, 1977; Unger and McCalla, 
1980; Triplett, 1982). However, the degree of effectiveness 
of conservation-tillage systems in controlling soil erosion 
ranges from 0 to 100% and seems to vary with the kind and 
amount of tillage, slope of the land, type of soil, crop 
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grown, and amount of precipitation received (Amemiya, 1977; 
Phillips et al., 1980; Howard, 1981; Moldenhauer et al., 
1983). Soil loss has been reported to be greater following 
soybeans than following corn (Siemens and Oschwald, 1978; 
Laflen and Moldenhauer, 1979). The cover and management 
factor (c) in the Universal Soil Loss Equation (USLE) of 
Wischmeier and Smith (1978) predicts an average of 25% 
greater erosion the year following soybeans than in the year 
following corn, after accounting for the differences in the 
surface residue cover, if any. However, recently reported 
results indicated that no-tillage is equally effective follow­
ing soybeans compared with corn at equal residue cover (Laflen 
et al., 1981; Van Doren et al., 1984). In general, soil ero­
sion increases as the amount of tillage increases and decreases 
as the amount of residue or plant cover increases. 
. Soil-plant environment for conservation tillage farming 
differs greatly from that of conventional methods using the 
moldboard plow. Details of the physical, chemical, and bio­
logical changes associated with conservation tillage have 
been discussed in several reviews (Halliday, 1975; Unger and 
McCalla, 1980; Triplett, 1982). There is general agreement 
among researchers that soils managed with conservation till­
age are generally wetter and cooler than those under conven­
tional tillage. Conservation tillage also increases microbial 
population in upper depths. However, there are conflicting 
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reports in the literature regarding the effects of conserva­
tion tillage on soil compaction. Gantzer and Blake (1978), 
in Minnesota, found that the soils under no-tillage had sig­
nificantly greater bulk densities, greater water content, 
lower air-filled porosities, greater number of biochannels 
(earthworm and rootlet) compared with conventional tillage. 
Howeve.r, Blevins et al. (1983), in a long-term tillage study, 
found no difference in bulk density between conventional 
tillage and no-tillage treatments. 
Various tillage systems involving varying levels of soil 
mixing obviously affect the stratification of soil nutrients. 
Most researchers have observed that nutrients tend to accumu­
late in the upper layer of soil following repeated fertilizer 
application with little or no tillage. Dick (1983) reported 
that the distribution of organic carbon (C), nitrogen (N), 
and phosphorus (P), and pH in soil profiles (0-30 cm) are 
changed as a result of various tillage intensities continu­
ously applied for an 18- to 19-year period. In Dick's (1983) 
study, organic C, N, and P accumulated at the soil surface 
under no-tillage, compared with minimum tillage or conven­
tional tillage. Soil pH was lowered throughout the soil pro­
file under no-tillage. Similar results have been reported by 
other researchers (Blevins et al., 1977; Hargrove et al., 
1982). Potassium (K) tended to have a similar trend. In a 
five-year continuous corn study, Blevins et al. (1977) found 
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that K soil-test levels were higher for the no-tillage treat­
ments at the 0- to 5-cm depth. Below 5 cm, K levels differed 
very little between no-tillage and conventional tillage. 
Triplett and Van Doren (1969) reported decreasing K concen­
tration with no-tillage in the soil profile. However, 
Hargrove et al. (1982) reported lower K levels in surface 
soil with no-tillage compared with conventional tillage treat­
ments. Similarly, Schulte (1979) found significantly lower 
K levels in the unplowed till-planted treatment when fer­
tilizer was not applied. 
Schulte (1979) pointed out that it is important that 
soil test levels, especially those of K, be built up to higher 
levels than would be required under conventional tillage be­
fore shifting to conservation-tiliage systems. 
It seems that the aspect of fertilizer efficiency under 
conservation-tillage systems has not been thoroughly explored 
and many uncertainties exist in the literature. The majority 
of work in this area has been done with corn. Moschler et al. 
(1975) and Moschler and Martens (1975) reported that utiliza­
tion of applied P and K by com was greater for the no-tillage 
system than for the conventional tillage. They attributed 
this increased efficiency to less P fixation resulting from 
less mixing. Triplett and Van Doren (1969) reported higher 
P and K concentrations in no-tillage corn plants at the 8- to 
10-leaf stage. However, in other studies, there were no 
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differences found in the efficiency of nutrient supply with 
different tillage systems. In Iowa on a Moody soil, Casanova 
(1977) reported no differences in P uptake between conven­
tional and till-planted corn, and K uptake was significantly 
greater under conventional tillage. In another Iowa study, 
Hageman (1981) compared no-tillage with conventional tillage 
treatments, each with or without a mulch of plant residue. 
He found that, at the 4-leaf stage, com plants contained 
more P on the tilled bare plots, while K concentration was 
not influenced by treatments. At the 6-leaf stage, P concen­
tration was affected only slightly by treatment, but the K 
concentration was about 10% higher in the plants grown on 
the tilled soil regardless of ground cover. Polito (1982) 
reported that the incorporated fertilizer K was more effec­
tive in supplying K to corn plants than the surface-applied 
K. However, Ketcheson (1980) found no differences in N, P, 
or K supply with various tillage treatments. In the case of 
N, due to losses of surface-applied N from volatilization, 
denitrification or leaching, and due to a slower rate of 
mineralization, it seems that higher rates of N are needed 
with conservation tillage than with conventional tillage 
(Phillips et al., 1980; Triplett, 1982). 
Crop responses to conservation tillage have been reported 
to vary greatly, depending upon the differences in soil type, 
climate, weather, and various other factors. Soybean growth 
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in corn residue was found to be slower, like corn growth, 
but differences were smaller than for corn (Richey et al., 
1977). The reported yield response in conservation tillage 
ranges from negative to positive responses. Lindermann et 
al. (1982) reported that soybean yield was significantly 
affected by tillage treatment with the yield of the no-tillage 
treatment averaging 22% less than the other treatments. In 
their study, few differences were noted in nodule number, 
nodule weight, or total acetylene reduction activity, with 
respect to tillage treatment. Complete removal of crop 
residues reduced grain and residue yields of no-tillage corn 
and soybean by 21 to 24% and 12 to 24%, respectively (Doran 
et al., 1984). They report that yield reductions for corn 
and soybean resulted primarily from decreased soil water 
storage and excessive soil temperature when residues were 
completely removed. Siemens (1980) obtained slightly lower 
yields of soybeans with conservation tillage, particularly 
on poorly drained soils having high organic matter content. 
Amemiya (1977) reviewed yield data from Iowa, Minnesota, 
Nebraska, and South Dakota and found that, in general, there 
were no significant differences between crop yields on con­
servation and conventional tilled areas. Grain sorghum 
yields were not found to be significantly different between 
no-tillage and conventional tillage, when soil water content 
did not differ significantly (Gerik and Morrison, 1984). 
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Soybean yield was not affected by tillage or planting 
method (Touchton and Johnson, 1982). Some researchers have 
reported higher yield with conservation tillage. Tyler et 
al. (1983) found that no-tillage soybean yields were equal 
to or superior to soybean yields produced with conventional 
tillage. Crabtree and Rupp (1980) found lower soybean yields 
with conventional tillage monocrop soybeans. Published re­
ports have suggested that the improved yields with conserva­
tion tillage practices have occurred in well-drained soils 
and in drier environments. Yield decreases have occurred 
with poorly drained soils in high rainfall environments. 
Detailed reviews of the fertilizer needs and the mineral 
nutrition of soybeans are available (deMooy et al., 1973; 
Davidescu et al., 1975; Kurtz, 1976). Soybeans generally 
are considered less responsive to P and K fertilizers when 
applied during the current growing season than are other row 
crops. However, Voss (1957) concluded from field studies 
that soybeans and corn respond equally well to fertilizer 
when the soil is low in P and K. Soybean yield responses to 
N fertilization have been erratic (Hanway and Weber, 1971), 
while responses to P and K application have been consistent 
and are related to cultivar, plant density, and soil fer­
tility levels (Maples and Keogh, 1969; Fink et al., 1974). 
In these earlier studies, low to medium fertilizer rates were 
tested. The majority of research reports from the midwestem 
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United States estimate that symbiotic rhizobial nitrogen 
fixation produces 40 to 70% of the soybean crop requirement 
of N. Soybeans remove about 8.3 kg of N, 1.9 kg of K, and 
0.6 kg of P in 100 kg of seeds (Davidescu et al., 1975; 
Nelson, 1981). These figures suggest that soybeans require 
substantially higher levels of N-P-K fertilizer when the 
objective is to produce maximum yield. Higher yields of 
soybeans were obtained in New Jersey and Ohio with higher 
rates of fertilizer application (Nelson, 1981). The highest 
reported soybean yield (80 q/ha), by R. L. Flannery in New 
Jersey in 1981, received 196:252:336 kg NPK/ha (Potash and 
Phosphate Institute, 1983-84). Recent reports have shown 
that soybeans are very responsive to higher levels of K 
(Johnson and Wallingford, 1979; Graves and McCutchen, 1981; 
McCutchen, 1981; Peaslee et al., 1983). Fertilizer responses 
have been shown to interact with different levels of individu­
al nutrient, tillage, and environmental factors. In one study 
cited by Nelson (1981), added P^Og resulted in no increased 
yield of soybeans and produced a 9 q/ha higher yield. 
However, when both nutrients were included, the yield was 
increased by 18 q/ha. An Ohio study showed that profit and 
yield responses of soybeans to applied P and K were greatest 
in dry years (Johnson, 1983). In another study, Bitzer 
(1982-83) reported that, with N alone, no-tillage corn yield 
was 21.5 q/ha less than conventional tillage. However, with 
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adequate N and K, no-tillage corn outyielded conventionally 
tilled com by 12.8 q/ha. Similarly, Bandel (1983) showed 
that no-tillage corn required approximately 39 kg/ha more N 
for maximum yield than did the conventionally tilled corn. 
In general, nutrient balance for different tillage systems 
is important for high yields. As yield increases, nutrient 
balance becomes increasingly important. At very high yields, 
nutrient levels must be balanced within fairly narrow limits. 
In general, published research reveals that conservation 
tillage is a cost-effective means of reducing soil erosion. 
Yield advantage from conservation tillage can be achieved in 
drier environments or in poorly drained soils. Nutrient 
availability, uptake, and fertilizer requirements differ 
with each tillage system used. However, the majority of in­
formation available in Iowa is for com, and information on 
the response to tillage and fertilizer requirements in dif­
ferent tillage systems is unavailable. Further, most research 
studies have applied conventional cultural practices (i.e., 
plant densities, row spacings, cultivars, fertilizer levels, 
etc.) to the unconvaitional conservation-tillage technology. 
Determinate cultivars adapted to higher latitudes are now 
available and these cultivars have been shown to perform 
better in narrow row spacings with less lodging (Cooper, 1981). 
No-tillage management may produce additional grain yield when 
rows are narrow and difficult to cultivate with conventional 
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equipment. 
The objectives of this study were (a) to evaluate the 
performance of the determinate soybean cultivar Sprite 
planted in narrow rows with different tillage systems and 
different levels of N, P, and K fertilization; (b) to estab­
lish the N, P, and K requirements for higher yield; and 
(c) to determine whether fertilizer requirements change with 
tillage system. 
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MATERIALS AND METHODS 
A field study was conducted on the Iowa State University 
Agronomy and Agricultural Engineering Research Center at 
the Berkey Farm near Boone, Iowa, during 1981, 1982, and 1983. 
The soils of the experimental area were a Nicollet (Aquic 
Hapludolls)-Webster (Typic Haplaquolls) complex. The study 
area was alternated with a similar study on corn on an adja­
cent site each year. The fertility treatments were identical 
for both experiments. So, each plot received the same fer­
tility treatment each year. Treatments consisted of three 
levels of phosphorus (0, 74, and 111 kg/ha), three levels of 
potassium (C, 186, and 279 kg/ha) and three levels of nitro­
gen (0, 135, and 270 kg/ha) during 1981. Three tillage 
treatments (no-tillage, minimum tillage and conventional 
tillage) were included during 1982 and 1983. Minimum tillage 
consisted of chisel plowing in the fall and shallow disking 
in the spring. Conventional tillage involved moldboard plow­
ing in the fall and disking in the spring. The determinate 
soybean cultivar Sprite was used each year. 
A variant of a split-plot design was used in 1981. 
Phosphorus and potassium as subunit treatments were applied 
in strips and nitrogen aS sub-subunit treatments was com­
pletely randomized within phosphorus and potassium. All 
treatments were replicated nine times. However, harvesting 
losses due to mixing among different plots occurred from some 
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plots in three replications, so data from only six repli­
cates "were used. A variant of a split-plot design was also 
used in 1982 and 1983, with tillage as main plot, P and K 
as strip plots and N completely randomized within P and K 
plots. All treatment combinations were replicated three 
times. Practical considerations in imposition of treatments 
necessitated complex design. To simplify the statistical 
analysis and come to meaningful interpretation of results 
and summarization, data were averaged for each plot and 
analyzed as split-split-plot design. Since tillage was not 
included during 1981, data for this year were dealt with as 
a preliminary experiment separately and discussed first. 
Combined data of 1982 and 1983 were analyzed by considering 
year as a fixed variable and were presented and discussed 
subsequently. Whenever significant main effects and sig­
nificant two-factor combination (interaction) effects occurred 
from the analysis of variance for grain yield, regression 
analysis was carried out to find the relationship. Correla­
tion coefficients were also determined among characters. 
2 Tillage plots consisted of 752.5 m (approximately 27.4 
2 
m X 27.4 m), phosphorus and potassium plots were 250.8 m 
(approximately 27.4 m x 9.1 m) and nitrogen plots were 27.9 
m (approximately 9.1 m x 3.1 m) in size. ' Fall tillage and 
treatments of P (triple superphosphate), K (muriate of potash) 
and N (urea) were applied in the spring. All fertilizer 
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treatments were hand broadcast and, except in the no-tillage 
plots, fertilizers were incorporated. Alachlor and bentazon, 
at the rate of 3.36 a.i. kg/ha and 1.12 a.i. kg/ha, respec­
tively, were applied as pre-emergence herbicides each year, 
and sethoxydim, at the rate of 1.43 a.i. kg/ha, was applied 
as post-emergence herbicide during 1982 and 1983. Supple­
mental hand weeding was carried out as necessary to keep 
plots weed free. 
Planting was done with a ten-row plot planter in rows 
spaced 25.4 cm apart. The plant density used was 494,000 
plants/ha. The cultivar, row spacing, and plant density 
used in this experiment corresponded with one of the treat­
ments used in the study described in Part I. Planting dates 
were May 22, June 3, and May 24 for 1981, 1982, and 1983, 
respectively. Harvesting was done with a small-plot combine 
which had a 101.6-cm cutting head. Prior to harvest, all 
plots were end-trimmed to 8.5 m. The four central rows were 
harvested from each plot. 
Initially in 1981, average soil pH, P and K of the ex­
perimental site at 15-cm depth were determined. Prior to 
any fertilizer application or tillage operation, nine 15-cm 
2 deep soil samples were taken from each 250.8-m plot corre­
sponding to phosphorus and potassium treatments in 1982 and 
1983. Samples were combined from each plot and analyzed for 
pH, P, and K at the Soil Testing Laboratory, Iowa State 
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University, Ames, Iowa. Leaf P and K contents were measured 
from recently developed, fully expanded leaves at R6 (Fehr 
and Caviness, 1977) growth stage. Procedures used for the 
determination of P and K content were similar as described 
by Hanway and Weber (1971) and consisted of drying, grinding, 
and digesting the leaves in boiling concentrated sulphuric 
acid. Phosphorus was determined in a spectrophotometer using 
a modified vanado-molybdate method. Potassium was determined 
in a flame photometer, using lithium as an internal standard. 
During 1981, only grain yield and 100-seed weight were 
measured. In 1982 and 1983, lodging score per plant (1 = 
upright to 5 = horizontal), plant height (measured frcm 
cotyledonary node to terminal node), number of branches per 
plant, number of nodes per plant, number of pods per plant, 
number of seeds per pod, 100-seed weight, and grain yield were 
measured. 
Five plants during 1982 and 10 plants during 1983 were 
randomly selected and pulled carefully from harvested rows 
prior to harvest. The selected plants were bundled and 
hung in a shed for later determination of plant characters. 
Ten randomly selected pods from each plot were used to deter­
mine seeds per pod. Yield samples were collected in cloth 
bags and allowed to dry at 43°C for 48 hours in a drier. 
Weights were taken after the seeds were cleaned manually with 
screens. Grain yields were adjusted to 13% moisture after 
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moisture measurements were taken with a Dickey-John GAC II 
moisture meter. Two hundred randomly selected seeds were 
weighed from each sample to obtain 100-seed weight. 
In the no-tillage treatment, no primary or secondary 
tillage was planned. However, a shallow disking was neces­
sary before planting to permit proper operation of the 
planter. No-tillage, minimum tillage, and conventional 
tillage will be referred to as NT, MT, and CT. Similarly, 
the three rates of phosphorus, potassium, and nitrogen will 
be referred to as PC, PI, P2, KG, Kl, K2, and NO, Nl, N2, 
respectively, in those situations where it is not necessary 
to refer to the exact rate. 
There were some calcareous spots in the experimental 
site. pH measurements could have been affected by such 
calcareous spots. 
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RESULTS AND DISCUSSION 
Soil Nutrients 
The initial soil phosphorus (P) and potassium (K) levels 
of the experimental site in the surface 15-cm soil depth were 
76 and 231 kg/ha, respectively. Initial soil pH and buffer 
pH were 6.28 and 6.65, respectively. Such P and K levels are 
considered to be "very high" and "high", respectively (Voss, 
1982). A soil reaction value (pH) of 6.28 is considered to 
be within the optimum range for soybean production (deMooy 
et al., 1973). 
Soil and leaf analysis data for 1982 and 1983 are pre­
sented in Table 11. Soil P level did not decrease with time 
at the 0 level (PO) of P application; however, it increased 
with time at the 74 (PI) and 111 (P2) kg/ha of P applica­
tions. Soil K levels decreased with time at 0 level (KO) 
of K application and increased with 186 (Kl) and 279 (K2) 
kg/ha of K applications. Soil pH also increased with time 
in all treatments. Significant increases in phosphorus and 
potassium content of soybean leaves occurred with increased 
levels of P and K applications. However, percent of leaf K 
with Kl and K2 was not significantly different in 1982., There 
was no significant effect of the P x K interaction on percent 
leaf P or percent leaf K. Leaf P was within the sufficiency 
range (0.26-0.50) of critical percent leaf P values for all 
Table 11. Summary of soil and leaf analyses for 1982 and 1983 
1982 1983 
Content in soil % in Content in soil % in 
p 
(kg/ha) Code 
Avai1. P 
(kg/ha) PH 
Buffer 
pH 
leaf 
% P 
Avail. P 
(kg/ha) pH 
Buffer 
pH 
leaf 
% P 
0 PO 82.4 6.49 6.68 0.41 76.9 7.16 6.99 0.35 
74 PI 106.9 6.49 6.65 0.43 119.3 7.24 7.02 0.36 
111 P2 152. 3 6.47 6. 66 0.45 168.0 7.11 6.98 0.38 
SE 0.005 0.009 
K 
(kcf/ha) 
Avai1. K 
(kq/ha) % K 
Avai1. K 
(kq/ha) % K 
0 KO 223.0 6.50 6.66 1.30 158.1 7.21 7.02 1.20 
186 Kl 238.1 6.44 6.65 1.51 276.9 7.11 6.96 .1.54 
279 K2 458.7 6.51 6.68 1.51 359. 8 7.19 7.00 1.62 
SE 0.016 0.019 
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P treatments and for both years. Leaf K was barely within 
the sufficiency range (1.30-2.50) in 1982 and below the 
sufficiency range in 1983 of critical leaf K values with KO, 
and within the sufficiency range for both years with K1 and 
K2, according to values reported in the literature (deMooy, 
1965; Jones, 1968; deMooy et al., 1973). 
Preliminary Experiment - 1981 
Mean squares from the analysis of variance for lOO-seed 
weight (seed size) and grain yield are presented in Table 12, 
and mean seed size and grain yield for various treatments 
are given in Table 13. 
The effect of P application on grain yield was signifi­
cant. All other main effects and interaction effects were 
nonsignificant. Grain yield declined with an increasing 
level of P application. Regression analysis revealed a high­
ly significant negative relationship between grain yield and 
P levels (Table 12, Figure 5). Negative responses with P 
application in soybean have been explained in the literature 
by toxicity at the high P levels, cultivar sensitivity, and 
induced deficiency of other nutrients (d^ooy, 1965; deMooy 
et al., 1973). The available soil P was very high in the 
experimental site. However, with data derived from this ex­
periment, the negative grain yield response to P application 
cannot be explained. Although K application did not signifi-
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Table 1 2 ,  Mean squares from the analysis of variance of 
100-seed weight and grain yield of soybean mea­
sured during 1981 
100-seed Grain yield 
Source of variation df weight (g) (q/ha) 
Rep 5 8.544** 145.80** 
P level (P) 2 0.720 44.11* 
Linear 1 87.82** 
Lack of fit 1 0.40 
Rep X P - Error A 10 0.748 7.92 
K level (K) 2 0.686 19.27 
Rep X K - Error B 10 0.738 29.13 
P X K 4 0.487 10.19 
Rep X P X K - Error C 20 0.267 4.56 
N level (N) 2 0.172 2.41 
N X P 4 0.422 3.24 
N X K 4 0.158 . 2.85 
N X P X K 8 0.172 11.77 
Residual - Error D 90 0.210 5.71 
Overall mean 18.74 33.95 
Coefficient of 
variation (%) 2.45 7.04 
•Significant at the 0.05 level. 
••Significant at the 0.01 level. 
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Table 13. Means of 100-seed weight and grain yield of soy­
bean for different levels of N-P-K treatments 
during 1981 
100-seed Grain yield 
Treatment Code weight (g) (q/ha) 
Phosphorus (kg/ha) 
0 PO 18. 87 34.96 
74 PI 18.66 33.69 
111 P2 18.68 33.21 
LSD (.05 level) NS 0.91 
Potassium (kg/ha) 
0 KO 18.84 33.29 
186 Kl 18.74 34.46 
279 K2 18.62 34.11 
LSD (.05 level) NS NS 
Nitrogen (kg/ha) 
0 NO 18.68 34.14 
135 Nl 18.73 33.72 
270 N2 18.80 34.00 
LSD (.05 level) NS NS 
^NS = : nonsignificant. 
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Figure 5. Relationship of soybean grain yield to phosphorus 
application in 1981 
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cantly increase the grain yield, there was a tendency for 
increased grain yield with K application. 
Experiment in 1982-1983 
Presentation of results and their discussion will be 
limited to main effects and significant two-factor interac­
tions for the simplification of interpretation. 
Mean squares of plant characters from the analysis of 
variance are presented in Table 14. Means of characters 
for different treatments are presented in Table 15. 
Year Effects 
Significant year effects existed on all characters 
except number of branches per plant (Table 14). Lodging, 
plant height, number of seeds per pod, and seed size were 
significantly lower in 1983 than in 1982. Number of nodes 
per plant, number of pods per plant, and grain yield were 
significantly higher in 1983 than in 1982 (Table 15). De­
layed planting in 1982 probably resulted in taller plants and 
more lodging in 1982 than in 1983. Taller plants and a 
lesser number of nodes in 1982 than in 1983 indicated that 
the increased plant height in 1982 resulted primarily from 
internode elongation. Grain yield was approximately 26% 
greater in 1983 than in 1982. The greater grain yield in 
1983 than in 1982 was probably related to many factors. 
Table 14. Mean squares from the analysis of variance of 
soybean plant characters for the combined data 
of 1982 and 1983 
Plant No. of 
Source of height branches/ 
variation df Lodging (cm) plant 
Year (yr) 1 160.97** 18827.20** 84.46 
Rep(yr)-Error A 4 2.12 770.95 23. 37 
Tillage (T) 2 1.96 48.78 2.21 
Yr X T 2 2.12 148.90* 1.58 
T X Rep(yr)-Error B 8 0.99 31.53 4.00 
Phosphorus (?) 2 1.28* 16.43 1.04 
Yr X P 2 3.08** 12.13 0.38 
T X P 4 0.27 20.41 0.12 
Yr X T X P 4 0.20 9.61 0.76 
T X P X Rep (yr ) -Error C 24 0.24 15.53 1.11 
Potassium (K) 2 2.23* 299.14** 0.05 
Linear 1 
Lack of fit 1 
Yr X K 2 1.50 34.24 1.18 
T X K 4 0.30 37.25 5.72 
Yr X T X K 4 0.07 27.86 4.59 
T xK X Rep (yr)-Error D 24 0.45 31.65 2.28 
P X K 4 0.64 46.99* 1.04* 
Yr X P X K 4 0.09 1.88 0.48 
T X P X K 8 0.27 22.40 0.21 
Yr X T X P X K 8 0.08 1.72 0.57 
T X P X K X Rep ( yr ) -
Error E 48 0.32 14.97* 0.39 
Nitrogen (N) 2 4.53** 369.63** 2.67* 
Yr X N 2 1.34** 65.35** 3.90** 
T X N 4 0.30 9.80 0.95 
Yr X T X N 4 0.18 14.55 1.08 
P X N 4 0.16 8.48 2.00** 
Yr X P X N 4 0.28 11.22 0.19 
T X P X N 8 0.10 19.95 1.55** 
Yr X T X P X N 8 0.17 10.21 0.41 
K X N 4 0.22 10.08 0.75 
T X K X N 8 0.23 16.35 0.32 
Yr X K X N 4 0.06 6.79 0.85 
P X K X N 8 0.12 17.26 0.50 
Yr X T X K X N 8 0.25 9.08 0.89 
T X P X K X N 16 0.16 7.19 0.71 
Y r x T x P x K x N  24 0.25 9.57 0.58 
Residual-Error E 216 0.20 10.17 0.58 
Overall mean 2.15 69.80 3.49 
Coeff. of variation (%) 20.80 4.56 21.82 
•,**Significant at the 0.05 and 0.01 levels. 
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No. of 
nodes/ 
plant 
No. of 
pods/ 
plant 
No. of 
seeds/ 
pod 
100-seed 
weight (g) 
Grain 
yield 
(q/ha) 
4517. 29** 6466. ,71* 1. 060* 191. 03* 7279. 08** 
7. 60 500. ,46 0. 074 10. 68 29. ,20 
1. 80 211. ,34* 0. 111* 4. 09 43. 22 
7. 39 5. ,60 0. 024 0. 70 47. ,55 
1. 66 38. 73 0. 023 3. 86 43. 69 
1. 18 28. ,44 0. 016 0. 68 19. 79 
0. 30 24. ,09 0. 039 2. 88* 12. ,45 
0. 41 51. ,61 0. 034 0. ,94 3. ,99 
0. 80 8. ,83 0. 015 0. 41 2. ,29 
0. 61 39. ,31 0. 014 0. 64 11. ,13 
0. 04 247. ,37** 0. 093** 3. 90* 252. ,51** 
470. ,76** 
34. ,26 
0. 87 31. ,46 0. 058* 2. ,83 65. ,33* 
1. ,46 28. ,83 0. ,010 0. ,31 7. ,26 
0. 53 16. ,00 0. ,022 0. ,74 10, ,76 
1. 29 24. ,84 0. 010 1. ,12 13. ,27 
0. 73 32. ,78 0. 013 0. 34 2. ,48 
0. 50 46. ,68 0. 013 0. ,59 0. ,29 
0. ,80 16. ,66 0. ,010 0. ,49 8. ,17* 
0. ,34 22. ,38 0. 007 0. ,55 4. ,01 
0. ,37 18. ,37 0. ,015 0. ,47 3. ,23 
23. ,14** 17. ,70 0. ,047* 1. ,20 4. ,46 
8. ,00** 42. ,63 0. 047* 0. ,53 11. ,80 
1. ,06 20. ,95 0. ,021 0. ,27 3. ,45 
0. ,12 35. 11 0. 015 0. ,76 6. ,13 
0. ,76 75. ,71* 0. ,019 0. ,29 3. ,44 
0. , 66 24. 48 0. ,009 0. ,36 0. ,88 
0. ,22 21. ,39 0. ,004 0. ,44 4. ,18 
0. ,31 17. ,33 0. ,008 0. ,76 3. ,19 
0. ,56. 16. 59 0. ,013 0. ,86 3. ,46 
0. 20 13. 59 0. 013 0. .24 3, .24 
0. 60 12. 71 0. ,001 0. 49 3, .56 
0. 13 15, .34 0. 015 0. 38 1, .90 
0. 10 15, .95 0. 029* 0. 68 5, .66 
0. 41 18, .69 0. 011 0. 35 4, .14 
0. 62 18, .9-5 0. 016 0. 63 2, .92 
0, .46 24, .75 0. 014 0, .43 4, .05 
13, .51 32 .36 2, .42 17, .33 33, ,66 
5, .02 15, .37 4, .90. 3, .78 5, .98 
Table 15, Means of soybean plant characters for different treatments from the 
combined data of 1982 and 1983 
Plant characters 
Plant No. of No. of No. of No. of 100-seed Grain 
Treat­ Lodging height branches/ nodes/ pods/ seeds/ weight yield 
ments^ (1-5) (cm) plant plant plant pod (g) (q/ha) 
Tillage 
NT 2.28 69.96 3.36 13.57 33.29 2.44 17.48 34.25 
MT 2.11 69. 39 3.59 13.57 32.70 2.42 17.16 33.43 
CT 2.07 70.48 3.51 13. 39 31.08 2. 39 17.36 33.29 
LSD NS NS NS NS 1.09 0.03 NS NS 
Phosphorus 1 (kg/ha) 
PO 2.06 69.65 3.47 13.42 31.89 2.43 17.33 33.99 
PI 2.23 69.90 3.57 13.51 32.71 2.41 17.40 33.69 
P2 2.17 70.28 3.41 13.59 32.46 2.41 17.27 33.29 
LSD 0.10 NS NS NS NS NS NS NS 
Potassium (kg/ha) 
KO 2.02 68. 39 3.50 13. 50 31.04 2.39 17.21 32.22 
Kl 2.24 70.57 3.47 13.53 32.53 2.43 17.51 34.29 
K2 2.19 70.88 3.50 13.50 33.50 2.43 17.28 34.46 
LSD 0.10 0.70 NS NS 1.09 0.03 0.14 0.44 
^Treatments: NT = no tillage, MT = minimum tillage, CT = conventional tillage; 
PO, PI, P2 = 0, 74, 111 kg/ha phosphorus, respectively; KO, Kl, K2 = 0, 186, 279 
kg/ha potassium, respectively; NO, Nl, N2 = 0, 135, 270 kg/ha nitrogen, respective­
ly. 
^NS = nonsignificant. 
Table 15. (Continued) 
Plant characters 
Plant No. of No. of No. of No. of 100-seed Grain 
Treat­ Lodging height branches/ nodes/ pods/ seeds/ weight yield 
ments (1-5) (cm) plant plant plant pod (g) (q/ha) 
Nitrogen (kg/ha) 
NO 1.96 68.29 3.63 13.09 32.16 2.44 17.24 33.75 
N1 2.25 71.25 3.42 13.61 32.16 2.43 17. 35 33.47 
N2 2.24 70.29 3.41 13.83 32.74 2.41 17.40 33.76 
LSD 0.10 0.70 0.17 0.15 NS 0.02 NS NS 
1982 2.73 76.16 3.07 10.43 28.71 2.46 17.96 29.79 
1983 1.58 63.42 3.90 16.59 36.00 2.37 16.70 37.53 
LSD 0.08 0.57 NS 0.12 0.89 0.02 0.12 0.36 
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including earlier planting, favorable moisture conditions, 
and a higher buildup of P and K in 1983 than in 1982. Earlier 
planting, favorable moisture conditions, and buildup of soil 
fertility level all have been related to larger yield re­
sponse in soybean (deMooy et al., 1973; Shroyer, 1980; 
Beaver and Johnson, 1981b; Peaslee et al., 1983). 
Tillage Effects 
Delayed emergence by two days in no-tillage (NT) plots, 
compared with minimum tillage (MT) and conventional tillage 
(CT) plots, was observed. This was probably due to lower 
soil temperature prevailing in NT plots compared to the MT 
and CT plots. The mulching effects of crop residue with NT 
have been effective in lowering the soil temperature and 
delaying the germination, emergence, and early growth of 
crops (Amemiya, 1977). However, no differences in later 
vegetative growth and in maturity were observed among the 
tillage treatments. 
Tillage significantly affected the number of pods per 
plant and number of seeds per pod, but other effects were not 
significantly different (Table 14). The highest number of 
pods per plant and number of seeds per pod occurred with NT, 
which was significantly different than CT (Table 15). There 
was no significant difference between NT and MT for the num­
ber of pods per plant and number of seeds per pod. Although 
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no significant differences were found among tillage treat­
ments for grain yield, about 3% higher yield was found in 
NT than in CT. 
Phosphorus Effects 
Phosphorus application did not have any significant ef­
fect on any plant character except lodging (Table 14). 
Lodging was significantly increased with P application 
(Table 15). There was no significant difference in lodging 
between PI and P2. A significant decline in grain yield 
occurred in 1981 with P application. A similar though non­
significant trend was shown in these combined data. Nega­
tive or no response of grain yield to P application was 
probably due to a high residual P level in the soil and the 
uptake of P by plants to a sufficiency level (Table 11). 
Yield responses in soils with high and very high P levels 
have not generally been observed (Voss, 1967; deMooy et al., 
1973; Kurtz, 1976). 
Potassium Effects 
Potassium significantly affected lodging, plant height, 
number of pods per plant, number of seeds per pod, seed size, 
and grain yield (Table 14). A small, but significant, in­
crease in lodging and plant height occurred with K applica­
tion. There was no significant difference between K1 and K2 
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in lodging and plant height. The number of pods per plant, 
number of seeds per pod, seed size, and grain yield were 
significantly increased with the K application (Table 15). 
No significant differences were observed between Kl and K2, 
in number of pods per plant, number of seeds per pod, and 
grain yield. Significantly largest seed size was found with 
Kl. The regression analysis between grain yield and K ap­
plication exhibited a highly significant positive linear 
relationship (Table 14). The linear grain yield response 
with K application is shown in Figure 6. There was a 6.4% 
yield advantage (2.07 q/ha) with 186 kg/ha of K application 
compared to the 0 application (Table 15). If this grain 
yield advantage is extended to other soybean producing 
areas with similar conditions like in this study, there 
would be considerable production gain. However, caution 
should be exercised in extrapolating research plot data to 
different field conditions. Increased yield with K applica­
tion could be attributed to an increase in all yield compo­
nents measured. Response of grain yield to K application 
could be related to higher leaf and soil K content in Kl and 
K2 treatments. Average soil K with KO, Kl, and K2 were 
medium, high, and very high, respectively. The average leaf 
K was below the.sufficiency level for KO and was in the suf­
ficiency range for Kl and K2 (Table 11). These results are 
consistent with recent research results where soybeans were 
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Figure 6. Soybean grain yield as a function of potassium 
fertilization 
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found to be very responsive to higher levels of K for grain 
yield (Johnson and Wallingford, 1979; Graves and McCutchen, 
1981; McCutchen, 1981; Peaslee et al., 1983). 
Nitrogen Effects 
Significant differences existed among nitrogen treat­
ments for lodging, plant height, number of branches per 
plant, number of nodes per plant, and number of seeds per pod 
(Table 14). Lodging and plant height significantly in­
creased from NO to N1 and slightly decreased from N1 to N2. 
The number of branches per plant decreased with N application; 
however, there was no significant difference between N1 and 
N2. The number of nodes per plant increased significantly 
with N application. There was a reduction in the number of 
seeds per pod when N was applied; however, there was no sig­
nificant difference between NO and Nl, and between N1 and N2. 
No significant effect was found for the number of pods per 
plant, seed size, and grain yield from N application. Soybean 
yield responses to N fertilization reported in the literature 
have been extremely variable (Hanway and Weber, 1971; deMooy 
et al., 1973). Above-normal precipitation occurred in both 
years of the experiment. Studies by deMooy et al. (1973) 
have indicated a relatively good response in hot, dry seasons 
and a lack of response with adequate rainfall. Although N 
application did not affect grain yield, a slightly reduced 
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stand with pale green and smaller leaves in the canopy was 
observed earlier in the season in NO plots. These effects 
were more pronounced in NT plots with NO, than in MT and CT 
plots. However, these symptoms did not persist in the sub­
sequent growing period. The nitrogen deficiency symptoms in 
early growth probably resulted from competition for available 
soil N between soybean roots and the microorganisms decom­
posing the residues in the surface layer of soil where soybean 
roots and corn residues were normally more concentrated in 
NT plots. 
Interaction Effects 
Significant interactions obtained in the analysis of 
variance of the data included; (a) year x tillage for plant 
height, (b) year x P for lodging and 100-seed weight, (c) year 
X K for number of seeds per pod and grain yield, (d) P x K 
for plant height and number of branches per plant, (e) till­
age X P X K for grain yield, (f) year x nitrogen for lodging, 
plant height, number of branches per plant, number of nodes 
per plant, and number of seeds per pod, (g) P x N for number 
of branches per plant and number of pods per plant, (h) till­
age X P X N for number of branches per plant, and (i) year x 
tillage x K x N for number of seeds per pod (Table 14). 
Since year had an effect on the majority of the char­
acters, it is presumed that the significant interactions of 
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treatments with year probably resulted mainly from a signifi­
cant year effect. So, year x treatment interactions for all 
characters except grain yield are excluded here in discussion 
and can be obtained from Appendix Table A5. 
Year x potassium 
Year x K interaction effects on grain yield are plotted 
in Figure 7. Grain yield increased with K application for 
both years. The grain yield response to K application was 
much larger in 1983 than in 1982. Increases in grain yield 
from Kl and K2 compared to KO were 3% and 4%, respectively, 
in 1982. However, increases in grain yield from Kl and K2 
compared to KO were similar and and was about 9% in 1983. 
Soil K had remained at a high level in 1982 and had declined 
to a medium level in 1983 with KO. With Kl, soil K was main­
tained at high levels for both years and, with K2, soil K 
was increased to very high levels for both years. These 
changes in soil K also were reflected by similar changes in 
leaf K (Table 11). The greater response with K applications 
obtained in 1983 compared with 1982 could be attributed to 
the previously mentioned changes in soil K. Generally, there 
is a satisfactory and consistent relationship between soil 
fertility status and soybean yield reported in the literature 
deMooy et al., 1973). Earlier planting and more favorable mois­
ture environment in 1983 probably also contributed to higher 
grain yield response in 1983 than in 1982. High soybean yields 
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Figure 7. Response of soybean grain yield to applied 
potassium in 1982 and 1983 
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were obtained in one study from high residual K level in soil 
and early planting (Peaslee et al., 1983). 
Phosphorus x potassium 
The interaction effects of P x K are presented in Table 
16. Plant height generally increased with increasing levels 
of K at each level of P. However, the increase in plant 
height with an increase in K level was relatively larger at 
PO than at PI and P2. At P2, plant height increased from KO 
to K1 and then declined again at K2. The quadratic type of 
response at P2 probably resulted in a significant P x K in­
teraction for plant height. The tallest plants occurred at 
PO and K2, and the shortest plants were attained at PO and 
KO. This indicated that plant height was more influenced by 
K-than P. There was no general trend of response for number 
of branches per plant, across P and K levels. The number of 
branches per plant was reduced with an increase in K level 
at PO. At PI, number of branches per plant increased from 
KO to Kl and then declined again at K2. The number of 
branches per plant increased with K levels at P2. The great­
est number of branches per plant was found at PI and Kl, and 
the fewest branches per plant were found at P3 and Kl. This 
indicated that the number of branches per plant was influ­
enced by both P and K. 
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Table 15. Mean soybean plant heights and number of branches 
for the significant phosphorus and potassium in­
teraction from, the combined data of 1982 and 1983 
Plant height (cm) No. of branches/plant 
Phosphorus —Potassium (kg/ha) —Potassium (kg/ha) — 
(kg/ha) 0 185 279 0 186 279 
0 67.18 70.28 71.49 3.52 3.41 3.39 
74 58.25 70.55 70.80 3.55 3.64 3.53 
111 59.72 70.80 70.33 3.32 3.35 3.57 
SE 0.93 0.14 
Phosphorus x nitrogen 
Number of branches per plant and number of pods per 
plant across P and N levels are presented in Table 17. The 
number of branches per plant declined with an increase in N 
level at PO and PI. However, at P2, the number of branches 
per plant increased with increases in N level. The greatest 
number of branches per plant was obtained at PO and NO, and 
least number of branches per plant occurred at PO and N2. 
This indicates that the number of branches per plant was 
more influenced by N than P, and the response was negative. 
The number of pods per plant was reduced with an increase 
in N level at PO. At PI, the number of pods per plant 
increased from NO to N1 and then declined again at N2. 
An increase in number of pods per plant occurred with 
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Table 17. Mean soybean number of branches and number of 
pods for the significant phosphorus and nitrogen 
interaction from the combined data of 1982 and 
1983 
No. of branches/plant No. of pods/plant 
Phosphorus Nitrogen (kg/ha)— Nitrogen (kg/ha) 
(kg/ha) 0 135 270 0 135 270 
0 3.82 3.34 3.25 32.92 31.36 31.40 
74 3.74 3.51 3.47 32.40 33.03 32.70 
111 3.34 3.41 3.50 31.17 32.11 34.10 
SE 0.19 1.18 
an increase in N level at P2. The greatest number of pods 
per plant was found at P2 and N2, and the least number of 
pods was found at PO and Nl. These data suggest that N ap­
plication alone decreases the number of pods per plant in 
soybeans, and for the greatest number of pods, high levels 
of both P and N are required. 
Correlation Coefficients (r) 
Simple correlation coefficients (r) obtained between 
various variables for 1982 and 1983 are summarized in Tables 
18 and 19, respectively. 
Significantly positive and consistent correlations found 
between two characters in both years included; (a) K and 
Table 18. Simple correlation coefficients (r) among soybean 
characters measured during 1982 
K N 
Plant 
Lodging height 
P : 
K 
N 
Lodging 
Plant height 
No. of branches 
No. of nodes 
No. of pods 
Seeds/pod 
100-seed weight 
Grain yield 
0 
1 
0 
0 
1 
.25*** 
.01 
.32*** 
1 ' 
. 0 8  
.22*** 
. 0 8  
.04 
1 
*Significant at the 0.05 level. 
**Significant at the 0.01 level. 
***Significant at <0.01 level. 
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No. of No. of No. of Seeds/ 100-seed Grain 
branches nodes pods pod weight yield 
01 .14 .11 -.09 —.26*** 1 o
 
to
 
003 .02 .14* .03 .003 .23*** 
03 .19*** .09 —. 08 .16** -.09 
003 . 17** -.05 .01 -.27*** -.29*** 
24***  .06 -.10 .003 -.03 .15* 
1 .47*** .47*** .01 -.05 .002 
1 .35*** .01 -.16* -.07 
1 .21*** .06 -.07 
1 -.04 -.15* 
1 .18*** 
1 
Table 19. Simple correlation coefficients (r) among soy­
bean characters measured during 1983 
p K N Lodging 
Plant 
height 
p 1 0 0 - .12*  .04 
K 1 0 .28** *  .21** *  
N 1 .08 .23** *  
Lodging 1 .53** *  
Plant height 1 
No.-of branches 
No. of nodes 
No. of pods 
Seeds/pod 
100-seed weight 
Grain yield 
•Significant at the 0.05 level. 
••Significant at the 0.01 level. 
•••Significant at <0.01 level. 
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No. of No. of No. of Seeds/ 100-seed Grain 
branches nodes pods pod weight yield 
04 .04 -.01 .02 
C
O
 o
 -.16** 
001 -.02 .22*** .27** 
in o
 .42*** 
19*** .48*** .002 .13* .05 .07 
28*** .18*** —.19*** .27*** . 10 .32*** 
58*** .52*** -.38*** .41*** .33*** .30*** 
1 -.33*** .53*** -.32*** -.27*** -.16* 
1 .04 .34*** .21*** .18*** 
1 o
 
00
 
-.17** 
CO o
 
1 .22*** .27*** 
1 . 34*** 
1 
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plant height, (b) K and number of pods per plant, (c) K and 
grain yield, (d) N and number of nodes per plant, (e) lodging 
and number of nodes per plant, (f) plant height and grain 
yield, (g) number of branches and number of pods per plant, 
(h) 100-seed weight and grain yield. Plant height and number 
of branches per plant were negatively correlated for both 
years. Inconsistency in correlation between characters 
across years was probably due to a large year effect and an 
interaction effect of year with other treatments for the 
majority of the characters (Table 14). When the correla­
tion coefficients were determined from the combined data 
including the year effect, year and yield, K and yield, num­
ber of branches per plant and yield, number of nodes per 
plant and yield, and number of pods per plant and yield were 
positively correlated with the respective r values of 0.81, 
0.19, 0.25, 0.80, and 0.47. However, lodging and yield, 
plant height and yield, seeds per pod and yield, and seed 
weight and yield were negatively correlated with the respec­
tive r values of -0.56, -0.56, -0.24, and -0.36. There also 
were high correlations between year and lodging (r = -0.71), 
year and plant height (r = -0.79), year and number of branches 
per plant (r = 0.38), year and number of nodes per plant 
(r = 0.96), year and number of pods per plant (r = 0.56), 
year and seeds per pod (r = -0.35), and year and 100-seed 
weight (-0.60). These may indicate that the inconsistency 
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in correlation of characters across years was due to a large 
year effect. Meaningful interpretations of such correlation 
results are difficult to make and cannot be explained. How­
ever, correlation coefficients obtained across years in the 
majority of cases were not very large (Tables 18 and 19). 
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SUMMARY AND CONCLUSIONS 
The objectives of this study were: (a) to evaluate 
the performance of a determinate soybean cultivar Sprite, 
planted in narrow rows with different tillage systems and 
different levels of N, P, and K fertilization, (b) to estab­
lish the N, P, and K requirements for higher yield in central 
Iowa, and (c) to determine whether the fertility requirement 
changes with a change in tillage system. Variables studied 
in the experiment included: (a) three tillage systems (no-
tillage, minimum tillage, and conventional tillage, and 
(b) three levels each of N, P, and K fertilizers (P - 0, 74, 
and 111 kg/ha; K - 0, 186, and 279 kg/ha; and N - 0, 35, and 
270 kg/ha). The experiment was conducted for three years 
(1981, 1982, and 1983). In 1981, tillage treatments were 
not included, and only 100-seed weight and grain yield were 
measured. In the other two years, lodging, plant height, 
number of branches per plant, number of nodes per plant, 
number of pods per plant, number of seeds per pod, 100-seed 
weight, and grain yield were among the plant characters mea­
sured. Soil pH, available soil P and K also were measured 
at a depth of 15 cm. 
Initial soil P and K analysis indicated the soil levels 
were very high and high, respectively. P and K application 
increased soil P and K levels in time and with application 
level. When no P was added, soil maintained the original 
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very high P status, while with no K added, soil K declined 
from original high status to medium status. These effects 
on the soil were reflected in similar effects on leaf P and K. 
In 1981, only the effect of P application on grain yield 
was significant. Grain yield declined significantly and 
linearly with an increase in P level. Although nonsig­
nificant, a tendency of increased yield with an increase in 
K application level was observed. 
Year had a significant effect on the majority of plant 
characters. Higher grain yield response was obtained in 
1983 than in 1982. A greater number of seeds per pod and 
larger seed size occurred in 1983 than in 1982. Plants were 
taller and lodged more in 1982 than in 1983. Significantly 
greater number of pods per plant and number of seeds per pod 
were found with no tillage than with conventional tillage. 
Tillage had no significant effect on grain yield. However, 
3% higher yield occurred with no tillage than with convention­
al tillage. Above-normal precipitation in both years may 
have influenced the expression of tillage effects on grain 
yield. P effect was limited to lodging. Lodging was sig­
nificantly increased by P application. Lodging, plant height, 
number of pods per plant, number of seeds per pod, lOO-seed 
weight, and grain yield were significantly increased by K 
application. There were no significant differences between 
K1 and K2 in these characters except seed size, which was 
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significantly higher at Kl. Grain yield was increased 
linearly with the application of K. N application sig­
nificantly increased lodging and number of nodes per plant 
and significantly decreased number of branches per plant and 
seeds per pod. 
A higher grain yield response was obtained from K appli­
cation in 1983 than in 1982. Plants were taller with lower 
levels of P and higher levels of K. There was no general 
trend of response of number of branches per plant across P 
and K levels. The decline in number of branches per plant 
with N application was reduced to some extent by P applica­
tion. However, the number of branches per plant was more 
influenced by N than P and the highest number of branches 
per plant occurred with PO and NO. N alone decreased the 
number of pods per plant and the greatest number of pods was 
found with high levels of both P and N. 
In general, these data suggest that soybeans can be 
successfully grown with no tillage in central Iowa, without 
any reduction in yield. Although no significant yield ad­
vantage with no tillage was obtained in this study, farmers 
can benefit from less soil loss due to erosion and less 
cost for land preparation. Soybeans can respond signifi­
cantly to K application in central Iowa when the soil test 
levels are medium to high. A K application of 186 kg/ha 
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was adequate to realize the high yield obtained in this 
study. This study indicates that a change in tillage system 
should not change the fertility requirements. 
105 
GENERAL SUMMARY 
The objective of this research was to develop an inte­
grated optimum management system in terms of tillage, fer­
tility, cultivar, row spacing, and plant density, in order 
to maximize soybean production in central Iowa. Two experi­
ments were conducted each year during 1981, 1982, and 1983, 
at Iowa State University Agronomy and Agricultural Engineer­
ing Research Center, Boone, Iowa. In Experiment I, effects 
of four cultivars, three plant densities, and three row spac-
ings on soybean plant characters were studied. In Experiment 
II, effects of three tillage systems and three levels of 
nitrogen, phosphorus, and potassium were studied. Actual 
data means can be found in the Appendix tables. 
Results from the first study showed that determinate 
cultivars generally were superior to indeterminate cultivars 
in average grain yield performance. Determinate cultivars 
had less lodging, shorter plant height, greater number of 
branches, and greater number of pods. Determinate cultivars 
responded more to narrow rows than did indeterminate culti­
vars and were less sensitive to changes in plant density. 
Plant characters were more influenced by alterations in 
plant density than by alterations in row spacings. Lodging, 
plant height, and seed size increased as density increased. 
Number of branches per plant, number of nodes per plant, 
number of pods per plant, and grain yield decreased with an 
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increase in plant density. The highest yield occurred at 
low density. Grain yield responded positively to a decrease 
in row spacing. A yield advantage of about 5% was obtained 
at 25-cm over 76-cm row spacing. Reductions in the number 
of pods per plant occurred with a decrease in row width. 
Other plant characters were not affected by changes in row 
spacing. 
In the second study, no-tillage increased the number of 
pods per plant and seeds per pod. The increases in the above 
mentioned yield components were reflected in small, nonsig­
nificant (3%) increase in grain yield with no-tillage com­
pared to conventional tillage. 
Phosphorus application did not have much effect on plant 
characters. Lodging was the only character increased by P 
application. Potassium had more effect on yield characters 
and nitrogen had a greater effect on morphological characters 
than on yield characters. Lodging, plant height, number of 
pods per plant, number of seeds per pod, lOO-seed weight, 
and grain yield were increased by K application. N applica­
tion increased lodging and number of nodes per plant, and 
decreased number of branches per plant and seeds per pod. 
Grain yield responded positively and linearly with K appli­
cation. Application of K at the rate of 186 kg/ha was found 
to be adequate to obtain high yield in this study. 
The initial hypothesis of this research was that soybean 
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grain yield would be increased by planting in narrow rows 
with determinate cultivars, and density changes would not 
affect grain yield. It was also proposed that the tillage 
system would not affect soybean yield, and fertility require­
ments could be different among tillage systems. 
The results obtained largely support the above hypothe­
sis. Soybean grain yield was higher with narrow rows and 
determinate cultivars, and the tillage system did not affect 
the grain yield. However, in this study, low density in 
narrow rows produced higher yields and fertility requirements 
were found to be similar across tillage systems. 
This research suggests that high soybean yield can be 
achieved by planting Asgrow 3127, Hobbit or Sprite in 25-cm 
rows with low or medium plant density in central Iowa. 
Benefits such as less soil erosion and lower cost of land 
preparation can be gained by planting soybean with a no-
tillage system. Potassium application at the rate of 186 
kg/ha was adequate to realize the high yield with cultivar 
Sprite and the present soil fertility status. However, 
fertility requirements could change with higher yield levels, 
and when the soil fertility level changes in time and with 
fertilizer application. 
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List of Abbreviations Used in Appendix Tables 
Character Abbreviation 
Row spacing RS 
Cultivar CV 
Asgrow 3127 A 
Harcor HA 
NK 1492 NK 
Sprite S 
Hobbit H 
Pella P 
Plant density PD 
247,000 plants/ha L 
494,000 plants/ha M 
741,000 plants/ha H 
Tillage T 
No-tillage N 
Minimum M 
Conventional C 
Phosphorus P 
74 kg P/ha 1 
111 kg P/ha 2 
Potassium K 
186 kg K/ha 1 
279 kg K/ha 2 
Nitrogen N 
135 kg N/ha 1 
270 kg N/ha 2 
Lodging LCD 
Plant height (cm) PHT 
No. of branches per plant NBR 
No. of nodes per plant NND 
No. of pods per plant NPD 
No. of seeds per pod NSD 
100-seed weight (g) SWT 
Grain yield Iq/ha) YLD 
Table Al. Average monthly precipitation (P) and temperature (T) for three years at the Iowa 
State University Agronomy and Agricultural Engineering Research Center, Boone, lowa^ 
1981 1982 1983 
Month 
P 
(cm) 
T 
(°C) Month 
P 
(cm) 
T 
(°C) Month (cm) 
T 
(°C) 
Jan - (-2.2) -4.3 (+2.9) Jan 4.7 (+2.5) -13. 2 (-5.9) Jan 2.2 (-0.0) -3. 9 (+3.3) 
Feb 1.7 (-0.5) -1.5 (+3.0) Feb 1.1 (-1.1) -6. 4 (-1.9) Feb 2.0 (-0.2) -1. 3 (+3.2) 
Mar 1.4 (-3.8) 5.3 (+4.3) Mar 7.5 (+2.3) 1. 1 (+0.1) Mar 9.3 (+4.1) 2. 1 (+1.2) 
Apr 4.8 (-3.3) 13.3 (+3.6) Apr 7.0 (-1.1) 7. 4 (-2.2) Apr 8.0 (-0.0) 6. 4 (-3.2) 
May 2.5 (-8.9) 15.1 (-0.7) May 15.5 (+4.1) 17. 2 (+1.4) May 15.8 (+4.8) 13. 7 (-2.1) 
Jun 10.4 (-4.3) 22.1 (+1.3) Jun 6.7 (-8.0) 18. 6 (-2.3) Jun 23.2 (+8.5) 21. 7 (+0.8) 
Jul 10.1 (+1.4) 23.4 (+0.3) Jul 15.7 (+6.9) 23. 4 (+0.3) Jul 9.7 (+1.0) 25. 1 (+2.0) 
Aug 14.7 (+5.4) 21.1 (-1.1) Aug 8.8 (-0.1) 21. 5 (-0.7) Aug 10.7 (+1.5) 25. 8 (+3.6) 
Sep 6.2 (-2.3) 20.7 (+3.4) Sep 4.8( -3.5) 17. 2 (-0.1) Sep 8.1 (-0.3) 18. 7 (+1.4) 
Oct 4.2 (-1.3) 9.8 (-2.1) Oct 6.7 (+1.2) 11. 6 (-0.4) Oct 15.9 (+10.3) 11. 2 (-0.8) 
Nov 5.8 (+2.9) 4.8 (+1.9) Nov 7.7 (+4.8) 1. 9 (-0.9) Nov 13.8 (+11.0) 3. 4 (+0.5) 
Dec 1.9 (-0.5) -5.0 (-0.8) Dec 10.6 (+8.2) -1. 4 (+2.8) Dec 0.9 (-1.5) -13. 1 (-8.8) 
Total 63.7 (-17.4) 98.6 (+16.2) 119.6 (+39.2) 
^Figures in parentheses give deviation from 30 years mean (1941-1970). 
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Table A2. Means of soybean plant characters for row spacings, 
cultivars.y. and. plant densi.ti.es. in 1981 
RS CV PD PHT NBR NPD NSD SWT YLD 
25 
HA 
NK 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
96.77 
97.47 
89.73 
84.67 
90.60 
92.93 
82.73 
92.13 
90.53 
76.27 
63.97 
71.20 
0.93 
1.67 
0.73 
0.87 
2.40 
0.93 
0.40 
2.07 
0.67 
1.40 
3.80 
2.60 
27.20 
44.73 
27.73 
25.87 
51.33 
31.20 
20.80 
40.13 
27.40 
24.13 
54.60 
33.87 
2.37 
2.40 
2.40 
2.33 
2.50 
2.37 
2.37 
2 .60  
2.37 
2.40 
2.53 
2.43 
16.12 
15.45 
15.82 
16.67 
16.28 
16.80 
17.00 
15.95 
16.10 
18.82 
18.55 
18.38 
30.58 
30.45 
32.23 
31.56 
30.12 
32.01 
32.32 
32.81 
28.92 
32.23 
32.35 
36.67 
51 
HA 
NK 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
83.87 
92.07 
92.53 
88.27 
88.00 
88.73 
86.50 
82.40 
85.47 
73.13 
64.33 
70.17 
0.73 
2.00  
0.87 
1.40 
2.00 
1.20 
1.47 
1.80 
1.27 
1.67 
3.07 
3.00 
21.40 
43.40 
31.80 
28.93 
42.87 
29.93 
38.47 
36.60 
29.13 
27.20 
42.80 
34.20 
2.27 
2.47 
2.40 
2.40 
2.47 
2.43 
2.40 
2.57 
2.40 
2.33 
2.53 
2.53 
16.40 
15.18 
16.18 
17.03 
16.38 
16.85 
17.05 
16.28 
16.98 
19.25 
18.78 
18.45 
32.60 
31.09 
33.18 
26.62  
30.75 
30.13 
30.58 
30.44 
32.36 
32.10 
30.50 
31.88 
76 
HA 
NK 
H 
L 
M 
H 
L 
M 
H 
L 
M 
H 
L 
M 
95.60 
95.13 
94.30 
89.83 
95.53 
93.07 
76.93. 
92.60 
79.20 
71.80 
64.30 
73.07 
0.93 
1.73 
0.93 
1.73 
2.27 
1.47 
2.00 
1.37 
1.47 
2.07 
4.13 
2.27 
28.80 
43.20 
37.20 
32.40 
44.60 
30.80 
23.63 
37.40 
25.87 
30.27 
58.40 
32 . 80 
2.47 
2.63 
2.50 
2.30 
2.43 
2.23 
2.30 
2.50 
2.47 
2.47 
2.50 
2.43 
16.60 
15.87 
16.00 
16.20 
15.95 
16.20 
17.12 
16.35 
17.47 
18.80 
18.73 
19.00 
33.35 
30.20 
32.29 
28.05 
32.01 
26 .82  
29.00 
29.52 
29.68 
33.05 
33.88 
34.72 
Table A3. Means of soybean plant characters for row spacings, cultivars and plant 
densities in 1982 and 1983 
RS CV PD LOD PHT NBR NND NPD NSD SWT YLD 
25 A L 
M 
H 
H L 
M 
H 
P L 
M 
H 
S L 
M 
H 
51 A L 
M 
H 
H L 
M 
H 
P L 
M 
H 
S L 
M 
H 
1. 50 98. 07 
1. 50 96. 20 
2. 50 97. 37 
1. 00 66. 23 
1. 17 73. 50 
2. 67 79. 23 
1. 17 106. 37 
3. 50 114. 97 
3. 50 110. 60 
1. 50 69. 73 
1. 83 79. 10 
3. 50 80. 57 
1. 00 95. 00 
1. 83 96. 37 
2. 67 89. 23 
1. 00 68. 57 
1. 33 75. 20 
2. 33 77. 73 
1. 67 109. 03 
2. 50 115. 13 
3. 33 102. 60 
1. 00 68. 43 
2. 67 76. 90 
3. 67 73. 33 
1982 
1. 93 13. 50 
1. 20 12. 67 
0. 73 11. 73 
5. 20 9. 80 
2. 73 9. 67 
2. 93 9. 73 
2. 93 13. 60 
1. 73 13. 40 
1. 40 11. 13 
4. 40 9. 47 
3. 67 9. 27 
2. 67 9. 73 
2. 13 13. 53 
1. 27 13. 27 
0. 67 12. 53 
4. 67 10. 07 
3. 47 10. 53 
2. 87 10. 20 
3. 07 14. 07 
1. 87 13. 33 
2. 47 12. 33 
4. 20 9. 60 
2. 27 10. 60 
2. 87 9. 87 
40. 20 2. 70 
25. 13 2. 60 
21. 07 2. 53 
42. 40 2. 63 
29. 33 2. 57 
26. 13 2. 47 
29. 93 2. 83 
27. 20 2. 70 
20. 07 2. 63 
41. 47 2. 63 
27. 27 2. 53 
25. 07 2. 47 
40. 87 2. 67 
28. 27 2. 67 
24. 47 2. 63 
35. 93 2. 47 
29. 87 2. 57 
30. 40 2. 47 
29. 20 2. 77 
25. 80 2. 73 
28. 53 2. 70 
39. 20 2. 57 
26. 93 2. 50 
30. 73 2. 53 
14. 97 30. 51 
16. 07 29. 79 
16. 50 30. 14 
16. 43 28. 81 
16. 13 28. 72 
16. 30 27. 60 
19. 03 27. 38 
18. 33 24. 22 
19. 73 25. 54 
17. 67 29. 87 
18. 00 28. 28 
17. 83 29. 13 
15. 13 31. 16 
15. 50 29. 84 
16. 00 27. 40 
16. 53 27. 82 
16. 47 29. 43 
16. 17 26. 41 
19. 80 28. 80 
19. 97 28. 50 
19. 90 28. 96 
17. 90 29. 86 
17. 93 29. 42 
17. 57 27. 27 
Table A3. (Continued) 
RS CV PD LOD PHT NBR 
A L 1.00 89.77 2.20 
M 1.83 88.40 1.33 
H 2.50 92.63 1.40 
H L 1.00 68.53 4.80 
M 1.67 71.80 3.53 
H 2.00 76.20 3.73 
P L 1.50 97.70 4.00 
M 2.50 103.30 2.07 
H 2.83 103.77 2.13 
S L 1.33 69.27 3.40 
M 2.00 76.03 3.53 
H 2.83 78.73 2.80 
A L 1.17 94.33 3.53 
M 2.00 96.40 1. 37 
H 3.40 95.23 0.90 
H L 1.03 58.43 6.87 
M 1.23 66.57 4.70 
H 2.60 73.87 3.57 
P L 1.23 103.97 3.40 
M 1.13 101.87 1. 30 
H 2.07 107.20 0.70 
S L 1.17 55.80 6.73 
M 1.57 65.73 3.70 
H 3.60 73.13 3.47 
NND NPD NSD SWT YLD 
13.06 
13.13 
11.67 
10.80 
11.00 
9.93 
13.53 
12.93 
12.60 
9.87 
10.00 
10.20 
1983 
20.87 
18. 37 
16.00 
17.30 
16.40 
15.53 
20.03 
17.60 
16.13 
15.27 
15.93 
14.33 
35.80 2.63 
28.67 2.57 
25.93 2.67 
44.73 2.53 
33.60 2.43 
32.93 2.53 
32.33 2.67 
26.80 2.63 
26.07 2.67 
35.60 2.60 
34.87 2.57 
28.93 2.57 
63.93 2.33 
34.63 2.23 
23.97 2.20 
S ' - l "  
51.90 2.03 
32.20 2.17 
24.80 2.17 
33.67 2.33 
21.50 2.40 
16.90 2.30 
51.37 2.17 
31.23 2.23 
23.90 2.13 
14.77 31.41 
15.47 28.08 
15.50 28.89 
16.43 27.10 
16.43 27.69 
16.27 28.75 
18.67 26.87 
19.47 27.18 
18.23 28.57 
17.83 26.60 
17.73 27.38 
17.63 28.19 
13.63 36.98 
14.57 36.07 
14.50 38.02 
13.77 37.40 
14.07 40.46 
14.90 36.88 
18.73 33.04 
20.23 34.62 
20.03 35.39 
16.23 36.64 
16.93 37.92 
16.10 36.87 
Table A3. (Continued) 
RS CV PD LOD PHT NBR NND NPD NSD SWT YLD 
A L 1. 33 99.03 2.70 20.60 57,87 2.47 13.80 37.99 
M 1.70 91.83 1.10 17.07 32.50 2.30 14.67 35.32 
H 3.27 89.63 0.53 14.83 21.10 2.13 14.53 34.06 
H L 1.00 57.43 6.93 16.10 54.77 2.23 13.93 37.40 
M 1.53 69.83 5.07 16.40 34.60 2.27 14. 30 37.75 
H 2.50 73.20 3.23 14.93 26.03 2.23 13.97 3 5.63 
P L 1.00 102.83 2.90 19.47 37.10 2.47 18.97 32.81 
M 1. 33 110.43 1.53 17.17 20.50 2.30 18.87 33.67 
H 1.70 105.70 1. 37 16.30 18.83 2.30 19.70 33.33 
S L 1.03 62.47 5.77 16.00 55.57 2.30 16.13 38.26 
M 2.17 71.63 5.13 14.63 27.30 2.10 15.97 32.48 
H 3.50 71.20 3.03 13.83 20.50 2.10 16.53 32.57 
A L 1. 37 93.53 4.30 20.23 64.93 2.40 13.27 36.11 
M 2.77 90.43 1. 80 17.30 39.00 2.37 14. 33 34.76 
H 3.00 91.30 1.53 15.60 28.27 2.17 31.97 33.02 
H L 1.00 55.37 8.63 16.27 60.73 2.17 13.67 35.17 
M 1.07 63.60 5.47 15.80 40. 30 2.30 14.13 35.05 
H 1.57 67.77 4.60 14.27 29.30 2.10 14.17 34.47 
P L 1.10 101.83 3.17 19.47 38.83 2.40 19.10 32.54 
M 1.47 110.57 2.27 17.77 27.07 2.37 18.50 32.59 
H 1.27 99.23 1.47 15.57 21.27 2.30 18.27 31.99 
S L 1.00 55.80 6.60 14.30 
' m  • 
56.70 2.20 16.57 35.43 
M 1.80 66.37 5.93 15.07 36.00 2.27 15.83 32.94 
H 3.03 72.13 4.40 13.60 25.90 2.20 15.67 32.91 
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Table A4. Mean grain yields and 100-seed weights for dif­
ferent levels of phosphorus, potassium and nitro­
gen in 19.81 . . 
K N YLD SWT 
0 0 0 32.28 18.64 
1 33.84 18.99 
2 34.28 19.09 
0 1 0 38.02 18.72 
1 34.24 19.09 
. 2 35.49 18.88 
0 2 0 35.13 18.58 
1 35.32 18.72 
2 36.02 19.11 
1 0 0 33.88 18.64 
1 32.96 19.05 
2 32.13 18.69 
1 1 0 34.94 18.98 
1 33.67 18.68 
2 34.44 18.78 
1 2 0 32.92 18.54 
1 32.99 18.30 
2 35.24 18.24 
2 0 0 33.72 18.73 
1 33.61 18.67 
2 32.92 19.09 
2 1 0 32.10 18.52 
1 33.65 18.43 
2 33.57 18.63 
2 2 0 34.22 18.80 
1 33.22 18.63 
2 31.89 18.65 
Table A5, Means of plant characters for tillage, and different levels of phos­
phorus, potassium and nitrogen in 1982 and 1983 
P K N LOD PHT NBR NND NPD NSD SWT YLD 
1982 
Conventional tillage 
0 0 
0 
0 
0 
0 
0 
1 
2 
0 
1 
2 
0 
1 
2 
0 
1 
2 
0 
1 
2 
0 
1 
2 
0 
1 
2 
0 
1 
2 
2.67 
2.67 
2.50 
2.00 
2.50 
2. 33 
2.50 
2.33 
3.17 
2.50 
3.00 
2.67 
2.50 
3.00 
3.50 
2.67 
2. 50 
3.17 
2.67 
2.77 
3.17 
2.83 
3. 33 
3.17 
75.53 
74.67 
75.87 
75.87 
79.93 
79.40 
80.93 
79.93 
77.70 
74.17 
75.27 
74.53 
76.73 
76.03 
76.87 
77.07 
78.73 
80.23 
78.57 
78.07 
75.87 
77.90 
79.60 
78.90 
3.27 
3.20 
3.53 
2.60  
2.47 
2.87 
2.20 
2.47 
3.20 
3.27 
3.40 
3.40 
2.73 
2 .80  
3.20 
3.13 
3.00 
2 . 8 0  
2.13 
3.53 
3.40 
2.87 
2.93 
2.87 
10.27 
10.60 
10.40 
10.13 
9.93 
10.80 
10.00 
9.87 
10.53 
10.47 
10.57 
10.40 
10.70 
9.87 
9.73 
10.53 
10.40 
10.40 
10.53 
10.73 
10.93 
9.73 
11.20 
11.13 
24.00 
26.20 
27.20 
r i  
29.47 
26.87 
27.93 
24.60 
22.47 
25.00 
27.47 
26.53 
25.60 
27.80 
30.33 
28.73 
31.13 
29.73 
25.73 
26.70 
24.13 
32.2 7 
26.93 
25.67 
29.67 
2.47 
2.47 
2.40 
2.50 
2.43 
2.43 
2.43 
2.43 
2.50 
2.40 
2.47 
2.37 
2.43 
2.43 
2.47 
2.47 
2.43 
2.47 
2.40 
2.50 
2.47 
2.57 
2.50 
2.23 
17.97 
17.73 
18.30 
18.17 
18.33 
18.13 
17.80 
17.70 
18.67 
17.83 
17.43 
18.13 
18.33 
18,13 
18.20 
17.97 
18.27 
18.10 
17.67 
17.43 
18.00 
V-
17.73 
17.87 
17.83 
27.85 
28.49 
29.79 
33.04 
30.35 
31.60 
29.35 
31.45 
30.06 
29.65 
26.99 
28.87 
30.08 
28.89 
30.46 
29.71 
30.37 
30. 86 
31.26 
28.42 
28 .82  
30.34 
28.67 
29.90 
Table A5, (Continued) 
K N LOD PHT NBR 
2 2 0 2. 33 76.73 3.00 
1 2.83 78.43 3.13 
2 3.00 76.40 4.33 
Minimum tillage 
0 0 0 2.00 72.83 3.43 
1 3.00 71.47 2.80 
2 2.83 75.87 2.20 
0 1 0 2. 33 72.13 5.20 
1 2.67 77.57 3.27 
2 2.67 76.90 2.80 
0 2 0 2.00 75.17 2.87 
1 2.67 77.57 2.53 
2 2.50 77.53 3.13 
1 0 0 2.00 73.50 2.60 
1 2.67 77.37 3.27 
2 2.83 75.70 2.80 
1 1 0 2.67 73.10 4.20 
1 2.83 77.53 3.53 
2 3.00 75.87 3.73 
1 2 0 2.50 74.50 2.73 
1 2.83 77.90 3.53 
2 2.67 78.20 2.60 
2 0 0 2.50 76.03 2.00 
1 3.17 79.90 2,73 
2 3.17 74.00 2.27 
NMD NPD NSD SWT YLD 
10.47 27.47 2.43 17.70 29.93 
10.40 28.67 2.53 17.63 31.35 
11.57 36.40 2.43 17.83 30.75 
9.97 30.17 2.60 17.80 30.43 
10.20 28.07 2.50 17.67 25.97 
10.33 30.33 2.43 18.00 27.31 
10.60 31.53 2.50 17.90 28.67 
10.80 30.73 2.60 17.90 29.93 
10.40 25.53 2.47 18.00 28.52 
10.13 25.93 2.33 17.80 33.93 
9.87 28.13 2.50 17.90 30. 32 
10.60 28.40 2.57 18.10 31.79 
11.07 31.00 2.57 18.07 29.62 
10.40 27.67 2.43 17.83 28.78 
10.50 30.60 2.43 18.07 28.40 
10.53 25.40 2.40 17.77 32.25 
11.67 33. 53 2.50 17.67 . 31.48 
10.93 31.87 2.50 17.93 29.44 
10.20 27.67 2.43 17.43 31.63 
10.60 33.87 2.53 17.50 30.75 
10.53 27.13 2. 37 18.10 29.60 
10.13 23.27 2.47 17.77 28.24 
11.00 29.67 2. 57 17.90 27.57 
10.40 23.00 2.27 17.30 28.56 
Table A5. (Continued) 
P K N LOD PHT NBR 
2 1 0 2.83 75.00 3.93 
1 3.17 80.77 2.87 
2 3. 33 77.13 4.47 
2 2 0 2.17 74.87 3.13 
1 2.67 77.40 2.67 
2 3.33 76.37 3.00 
No-tillaqe 
0 0 0 2.17 73.47 3.80 
1 2.17 71.10 3.73 
2 2.33 73.33 2.87 
0 1 0 2.17 72.63 3.47 
1 3.00 77.57 2.53 
2 2.83 74.50 2.13 
0 2 0 2.83 74.07 3.17 
1 2.83 80.20 2.47 
2 2.00 78.23 3.87 
1 0 0 2.67 72.97 3.07 
1 2.50 77.57 2.40 
2 3.00 71.13 3.60 
1 1 0 2.50 76.10 3.00 
1 3.17 78.27 3.00 
2 3.50 73.67 3.40 
1 2 0 2.33 73.17 3.33 
1 3.17 77.03 2.27 
2 2.83 73.67 3.33 
NND NPD NSD SWT YLD 
11. 30 28.40 2. 30 17.57 32.03 
11.13 27.47 2.47 17.13 28.64 
11.37 32.87 2.33 17.23 30.24 
10.03 34.00 2.57 17.47 28.44 
10.53 28.07 2.43 17.90 28.25 
10.33 31.67 2.40 17.17 31.89 
10.07 29.20 2.43 18. 33 30.95 
10.07 31.27 2.33 18.40 29.66 
10.33 26.20 2.57 18. 33 30.42 
10.07 31.07 2.63 18.13 29.87 
10.07 27.13 2.47 18. 33 29.71 
10. 33 28.53 2.53 18.47 29.38 
10.50 32.20 2.40 17.77 28.96 
10.33 25.67 2.50 18.10 28.70 
11.20 30.80 2.37 18.73 29,31 
9.87 27.60 2.53 18.13 30.07 
10.33 24.53 2.47 18.03 30.33 
10.60 29.00 2.53 18.27 28. 31 
10.07 28.80 2.50 17.97 29.20 
10.53 28.93 2.47 18.20 29.40 
9.80 31.00 2.47 17.93 29.85 
10.40 27.67 2.43 18.17 30.02 
9.20 27.13 2.57 18.40 30.74 
10.67 34.47 2.53 18.47 29. 37 
Table A5, (Continued) 
P K N LOD PHT NBR 
2 0 0 2.83 74.33 2.73 
1 3.00 78.40 3.2 3 
2 3.17 75.83 3.13 
2 1 0 2.67 75.90 2.60 
1 3.00 72.67 2.80 
2 2.83 73.13 2.73 
2 2 0 2.17 77.23 2.73 
1 3.00 77.40 3.67 
2 3.00 74.00 3.60 
Conventional tillage 
0 0 0 1.63 58.93 4.90 
1 1. 37 61.47 4.27 
2 1.10 61.43 4.00 
0 1 0 1. 33 62.00 4.63 
1 1.43 62.73 4.23 
2 1.43 62.83 4.00 
0 2 0 1.83 62.87 3.83 
1 1. 80 68.73 3.67 
2 1.97 67.70 3.47 
1 0 0 1.20 60.93 3.87 
1 1.13 62.20 4.67 
2 1.27 61.80 4.20 
1 1 0 1. 37 57.37 5.63 
1 1.63 66.53 4.10 
2 1. 33 66. 37 4.10 
NND NPD NSD SWT YLD 
9.20 26.93 2.37 17.77 30.55 
9.67 27.73 2.43 18.13 29.81 
10.53 30.93 2.43 18.13 29.95 
10. 33 30.40 2.53 17.90 28.75 
10.07 25.27 2.37 18. 30 30.57 
10.93 33.93 2.50 18.50 29.12 
9.87 32. 53 2.53 17.83 30.22 
10.87 30.93 2.47 17.90 30.87 
10.73 34.73 2.47 18.13 29.83 
1983 
15.83 30.93 2. 20 16.73 35. 33 
16.20 34.57 2. 23 16.53 35.18 
17.13 32.43 2. 37 16.40 33.91 
15. 80 38.23 2. 37 16. 37 37.39 
16.17 31.73 2. 30 16.73 39.31 
16.67 36.03 2. 27 17.27 39.14 
15.23 33.47 2. 37 16.90 38.23 
16. 37 34.10 2. 30 16.60 37.28 
16.53 33.00 2. 33 16.03 41.19 
15.90 30.47 2. 20 16.77 35.30 
16.70 36.00 2. 27 17.07 34.04 
16.73 32. 30 2. 20 16.83 33.65 
15.27 36.20 2. 20 16.80 37.62 
16.17 33.97 2. 37 17.30 37.27 
16.53 38.43 2. 30 17.60 36.80 
Table A5. (Continued) 
P K N LOD PHT NBR 
1 2 0 1.53 65.33 3.87 
1 2.17 68.97 3.63 
2 1.20 69.10 3.53 
2 0 0 1.23 58.17 4.60 
1 1.13 66.67 4.10 
2 1.03 58.83 4.33 
2 1 0 1.23 59.93 3.97 
1 1.23 66. 30 2.87 
2 1.07 66.43 3.67 
2 2 0 1. 33 62.27 3.07 
1 1.27 64.83 2.97 
2 1.27 65.43 3.80 
Minimum tillage 
0 0 0 1.23 55.90 4.50 
1 1.10 60.20 4.13 
2 1.17 59.80 3.97 
0 1 0 1.27 62.57 4.57 
1 1.77 67.03 3.87 
2 1.77 63. 37 3.03 
0 2 0 1.40 57.57 4.70 
1 1.93 64.90 3.67 
2 1. 33 61.10 3.73 
1 0 0 1.23 59.60 4.23 
1 1.40 61.03 4.50 
2 1. 30 64.17 3.47 
NND NPD NSD SWT YLD 
15.57 35.77 2.37 16.33 38.59 
16.80 36.03 2.40 17.07 38.18 
17.57 36.70 2.40 17.57 36.70 
15.60 34.07 2.30 16.50 36.48 
16.97 35.30 2. 37 16.83 34.80 
16.40 33.17 2. 33 15.00 34.01 
15.73 34.33 2.40 16.73 36.80 
16.03 32.93 2.33 16.87 36.77 
17.83 39.27 2.43 16.53 34.98 
15.67 30.20 2. 37 16.93 36.53 
16.43 35. 30 2.40 17.17 37.12 
16.73 38.70 2.43 16.80 38.68 
16.07 36.90 2.30 15.73 34.96 
17.17 34.00 2.30 15.87 35.76 
16.53 34.83 2.40 16.47 36.95 
16. 20 39.63 2.43 16.57 37.92 
17.10 35.97 2.43 17.00 38.53 
16.67 34.67 2.43 17. 30 40.19 
15.53 42.77 2.33 16.40 38.80 
17.40 39.07 2.57 16.27 37.62 
16.77 37.67 2.40 17.23 39.61 
16.00 33.00 2.20 16.07 33.60 
16.83 36.40 2.37 16. 37 35.66 
16.57 31.23 2.27 16.43 34.24 
Table A5. (Continued) 
P K N LOD PHT NBR 
1 1 0 1.73 65.73 3.60 
1 2.27 64,93 4.47 
2 1.83 66.00 4.23 
1 2 0 1.33 59.33 4.87 
1 1.40 63.03 3.97 
2 2.13 65.83 4.27 
2 0 0 1. 30 60.83 • 3.80 
1 1.27 63.80 3.27 
2 1.27 63.27 4.70 
2 1 0 1.43 63.40 3.77 
1 1.77 69.63 3.83 
2 1.47 64.43 4.00 
2 2 0 1.27 60.00 4.87 
1 1.73 59.77 4.13 
2 1.73 67.47 3.27 
No-tillaae 
0 0 0 1.17 60.13 3.77 
1 1. 37 64.50 3.87 
2 1.73 62.80 2.93 
0 1 0 2.10 64.53 3.50 
1 1.93 66.60 2.73 
2 1.77 66.80 3.40 
0 2 0 1.67 63.93 4.43 
1 2.37 69.70 4.17 
2 2.37 69.07 3. 37 
NND NPD NSD SWT YLD 
16.23 36.53 2.47 17.07 38.20 
16.70 38.23 2.47 17.27 38.82 
17.07 37.37 2.43 17.37 39.32 
15.73 40.97 2.33 16.13 39.21 
17.03 40.20 2.47 16.70 37.70 
17.03 39.77 2.37 15.77 37.87 
16.33 33.60 2. 30 16.90 33.09 
16.97 32.20 2.30 15.97 34.14 
17.10 34.97 2.27 16.87 35.69 
15.70 32.17 2.40 17.20 37.60 
16.90 33.40 2.43 16.63 36.43 
16.47 35.93 2.30 17.43 39.41 
15.80 35.73 2. 30 15.70 37.14 
15.97 37.53 2.43 16.53 37.99 
17.13 35.00 2.47 16.57 36.50 
16.53 38.53 2.40 16.47 36.26 
17.50 38.17 2.40 15.57 37.51 
17.07 32.87 2.43 16.70 37.55 
15.77 36.00 2.37 16.87 39.84 
15.97 32.13 2.47 17.13 40.68 
16.83 35.23 2.47 17.07 40.00 
16.57 37.93 2.33 16.87 40.52 
17.17 38.13 2.43 17.27 39.72 
17.67 38.60 2.53 14.77 40.25 
Table A5. (Continued) 
p K N LOD PHT NBR NND NPD NSD SWT YLD 
1 0 0 1.43 59.40 4.60 16.27 40.73 2. 30 17.43 37.78 
1 1.93 66.47 3.23 16.87 35.93 2.43 16.93 36.70 
2 1.67 60.67 3.27 17.27 33.20 2.30 16.43 36.00 
1 1 0 1.63 64.50 3.70 16.13 34.70 2.40 17.07 40.40 
1 2.67 67.27 3. 33 17.03 32.77 2.40 17.17 40.52 
2 2.27 68. 80 2.77 17. 37 35.37 2.40 16.93 41.26 
1 2 0 2.07 59.17 4.90 15.93 40.27 2.30 14.90 37.10 
1 2.57 68.83 4.03 17.77 42.77 2.37 17.00 40.34 
2 1.63 64.33 3.77 17.43 40.17 2. 33 16.77 41.34 
2 0 0 1.77 63.90 3.17 16.07 33. 37 2.33 16.57 35.49 
1 1.43 65.40 3.73 16.90 36.13 2.47 16.50 34.63 
2 1.63 63.17 2.97 17.80 33.73 2.37 17.00 36.06 
2 1 0 1.37 63.40 3.20 16.57 35.40 2.37 17.23 37.71 
1 1.77 61.87 4.23 17.50 46.13 2.47 17.37 39.89 
2 1.87 69.97 2.77 17.83 37.80 2.43 16.87 39.49 
2 2 0 1.63 65.47 4.50 15.73 35.60 2.43 16.73 39.63 
1 1.60 65.77 4.80 17.17 41. 37 2.47 17.63 38.11 
2 1.83 66.07 3.63 17.57 39.80 2.43 17.67 40.72 
